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Characterization of Monoclonal Antibodies to Epitopes of Human 

Transcobalamin II 

Edward V. Quadros,^ Sheldon P. Rothenberg, and Patricia McLoughlin 

The Department of Medicine, Division of Hematology/Oncology, SUNY-Health Science Center, Brooklyn, New York 
1 1203; and the Veterans Affairs Medical Center, Brooklyn, New York 

Received March 21, 1996 

Cellular uptake of cobalamin (Cbl) is mediated by transcobalamin II (TCII), a Cbl binding protein in the 
plasma. The TCII -Cbl complex binds to a cell surface receptor and is intemaUzed by endocytosis. We have 
generated monoclonal antibodies (mAbs) to^human TCII that can be distinguished into three functional types on 
the basis of interaction with three different regions of the protein. Type 1: Receptor blocking. This mAb binds 
holo-TCII and inhibits the cellular uptake of Cbl. Type 2: Cbl blocking. This mAb binds apo-TCII at or near the 
Cbl binding domain and inhibits the formation of holo-TCII. Type 3: Precipitating. This mAb binds both 
hoIo-TCn and apo-TCII but does not interfere with Cbl binding. Whereas type 1 and type 2 mAb, following 
incubation with TCII-[^^Co]Cbl or apo-TCII, respectively, inhibit the uptake of radio-labeled Cbl by K562 cells, 
type 3 mAb has no such activity with either form of TCII. These properties of type 1 and type 2 mAb that inhibit 
the cellular uptake of Cbl, may serve to induce rapid Cbl deficiency and provide a model to study the effect of 
selective Cbl depletion on cell division and differentiation as well as on the pathways dependent on the two Cbl 
cofactors, methyl-Cbl and 5'-deoxyadenosyl-CbL o 1996 Academic Press, Inc. 

Transcobalamin II (TCII) is a 45 kDa plasma protein that binds cobalamin (Cbl) during assimi- 
lation in the distal ileum (1) and then transports and promotes the cellular uptake of the vitamin by 
endocytosis via receptors on the plasma membrane for TCIl-Cbl. TCII is synthesized primarily by 
vascular endothelium (2) and circulates predominantly as apo-TCII because holo-TCII is cleared 
rapidly from the plasma with a half-life of ^90 minutes (3). 

Cellular deficiency of Cbl impairs two metabolic pathways: 1. molecular rearrangement of 
methylmalonyl-CoA to succinyl-CoA which requires 5'-deoxyadenosyl-Cbl as the cofactor (4); 
and 2. methylation of homocysteine to form methionine and this requires both the methyl-Cbl 
cofactor and the N^-methyltetrahydrofolate substrate that provides the methyl group for homocys- 
teine (5). This transfer of the methyl group also regenerates the tetrahydrofolate pool. In Cbl 
deficiency, methyl-Cbl is depleted "trapping" N^-methyltetrahydrofolate which, in turn, reduces 
the pool tetrahydrofolate from which the folate cofactors required for nucleic acid synthesis are 
derived (6). The clinical consequence of the perturbation of these pathways in humans is mega- 
loblastic hematopoiesis often accompanied by functional and stmctural disorders of the nervous 
system (7). 

There have been a number of reports of antimetabolites which impair the intracellular function 
of Cbl cofactors (8). The deleterious effect of nitrous oxide on methionine synthase (9) and on the 
synthesis of methyl Cbl (10) has been established experimentally and observed clinically with the 
development of megaloblastic erythropoiesis following exposure to this anesthetic (11). These 
observations establish the essential role of Cbl in normal cell replication and provide a rational 
basis for inducing Cbl depletion as a strategy to impair cell replication. Toward that end, we have 
generated monoclonal antibodies (mAb) to TCII which block the binding of TCII-Cbl to the TCII 
receptor on the plasma membrane and impair the cellular uptake of this essential vitamin. In this 
report, we describe the immunoreactive and functional properties of these antibodies. 

* Corresponding author. Fax: (718) 270-1578. E-mail: quadros@medlib,H SC. Bklyn.edu. 
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METHODS 

TCII was purified from Cohn fraction III of human plasma as previously described (12) and apo-TCII was prepared by 
denaturation and dialysis of holo-TCII (13). BALB/c female mice were immimized with 10 of a mixture of holo and 
apo-TCII followed by 2 booster injections of 10 pig at two week intervals and the splenocytes were fused with mouse 
myeloma NS-1 cells. The hybridomas generated were screened for antibody to holo-and apo-TCII using the ELISA plate 
assay. Positive supemates in the ELISA assay were further screened for epitope specificity. 

Preparation of TCII saturated with [^^Co]CbL Partially purified TCII (12) was incubated at room temperature in 1 ml 
of Tris buffered saline (TBS) with sufficient [^^Co]Cbl to saturate the binding capacity. After ^30 min incubation, free 
[^^Co]Cbl was removed by the addition of 0.5 ml of a suspension of hemoglobin coated charcoal (14). The mixture was 
vortexed and the charcoal pelleted by centrifugation. The supernatant fraction was collected and used as the [^^Co]Cbl 
labeled TCII in the assay. 

Immunoprecipitation of holo-TCII. The immunoreactivity of [^^Co]Cbl-TCII was determined by adding 1 /xl of hybrid- 
oma medium to ^5,000 cpm (15 pg Cbl) of TCII-bound [^^Co]Cbl in 500 \xX TBS followed by incubation for 2 hr at 4°C. 
Antibody bound TCII-[^^Co]Cbl was determined by the addition of 5 of rabbit anti -mouse antiserum followed in 60 min 
by the addition of 50 yl of a 10% suspension of Omnisorb membranes (Calbiochem). After mixing for 10 min at 4°Cj the 
membranes were pelleted at 15,000 xg for 15 min, washed once with 1 ml TBS /I % Triton X-100 and the radioactivity in 
the pellet determined. 

Indentification of mAb which blocks the binding of Co] Cbl by TCIL Partially purified TCII was titrated to bind 
approximately 7-8pg of [^^CoJCbl. This diluted apo-TCII was incubated with 1 yX of hybridoma medium in 500 ix\ of TBS 
for 2 hr at 4°C followed by the addition of 15 pg of [^^Co]Cbl and the incubation continued for an additional 30 min. Free 
[^^Co]Cbl was removed by adsorption to hemoglobin coated charcoal as described above. The radioactivity in the super- 
natant fraction, representing TCII- [^^Co] Cbl, was determined in a gamma coimter. A control contained either no mAb or 
unrelated hybridoma medixim. The decrease in the binding of [^^Co]Cbl to TCII in samples containing mAb compared to 
the control was computed as percent blocking. 

Identification of the mAb which blocks the binding ofTCII-[^^Co]Cbl to the TCII receptor on the plasma membrane. K562 
cells from a 48-77 hr suspension culture in Dulbecco*s minimal essential medium (DMEM) and 10% fetal boviue serum 
(FBS) were washed in Hank's balanced salt solution containing 1% bovine serum albumin (HBSS/1% BSA) and resus- 
pended at a density of 2 x 10^/ml. A 0.5 ml aUquot of this suspension was added to 0.5 ml of HBSS/r/o BSA containing 
15 pg [^^Co]Cbl-TCII that was preincubated for 2 hr with 2 yA of hybridoma medium. This cell suspension was incubated 
at 3TC for 60 min, pelleted at 1000 xg for 5 min, washed once with 1 ml of cold HBSS/1% BSA and the radioactivity in 
the pelleted cells determined. Control samples contained no mAb or contained medium from an unrelated hybridoma. The 
blocking effect of the mAb on the binding of TCII- [^^Co] Cbl to the cell membrane was computed as the percent decrease 
in membrane bound radioactivity compared to the control samples. 

Effect of the mAb on the uptake of[^'^Co]Cbl byK562 cells. K562 cells (0.2 x 10^) were seeded into 2 ml of DMEM/10% 
FBS contained in each weU of a 12 well plate. The effect of the mAb was determined using two Cbl concentrations: 1. the 
addition of the cell suspension to wells containing 880 pM of [^^Co]Cbl bound to TCII and preincubated with the mAb 
overnight at 4°C with 200 jllI of hybridoma medium; 2. the addition of the cell suspension to apo-TCII that was preincubated 
overnight at 4°C with 100 ml hybridoma medium followed by the addition of [^'Co]Cbl for a fmal concentration of 370 
pM. The plates were then incubated at 37*'C and cell viabihty determined by trypan blue exclusion, and cell number, 
enumerated using a hemocytometer, were assessed at 24, 48 and 72 hr. The cells were then pelleted by centrifugation at 
1000 Xg for 5 min, washed twice with 2 ml of cold HBSS/r/o BSA and the radioactivity determined in the cell button. 
Control samples lacked mAb or contained unrelated hybridoma medium. 

RESULTS 

Primary screening of the medium from hybridomas using the ELISA plate assay identified '^lOO 
clones that reacted with apo- and/or holo-TCII. The epitope specificity and functional properties of 
12 clones with an apparently high titer of mAb were then further characterized. As shown in Figure 
1, all 12 mAb(s) characterized immunoprecipitated TCII-[^^Co]Cbl. However, only 6 of these 
blocked the binding of [^^Co]Cbl to TCII (Figure 2, clones 5-18, 1^, 1-9, 2-6, 3-5, and 3-9). Of 
the remaining six mAb(s), three blocked virtually all of the TCII-[^^Co]Cbl binding to the TCII 
receptor on K562 cells (Figure 3, clones 2-2, 3-11, and 4-7). Five of the mAb(s) that blocked the 
binding of [^^Co]Cbl to TCII (shown in Figure 2) also decreased to some extent the binding of 
TCII-[^^Co]CBl to TCII (shown in Figure 2) also decreased to some extent the binding of TCII- 
[^^Co]Cbl to the TCII receptor when preincubated with holo TCII (Figure 3, clones 5-18, 1-6, 1-9, 
2-6, and 3-9). The three mAb(s) that immunoprecipitated TCII-[^'^Co]Cbl (clones 1-2, 1-12, and 
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FIG. 1. Immimoprecipitation of TCII-[^^Co]Cbl by the mAbs. Each mAb is identified by the designated clone number 
and the specific immunoglobulin subtype is shown in parentheses. 



2-13 shown in Figure 1) neither blocked the binding of Cbl to TCII (Figure 2) nor the binding of 
TCII-[^^Co]Cbl to the TCII receptor (Figure 3). 

These 12 mAb(s) are grouped into three types based on their epitope specificity and effect on the 
functional properties of TCII (Table 1). All three types will immunoprecipitate TCII-[^^Co]Cbl but 
the epitope on TCII for type 1 is in apparent close proximity to the TCII receptor binding site and 
that for the type 2 is located close to the Cbl binding site. The epitope for type 3 is apparently 
located at a distance from these two functional regions of TCII because this mAb will not block 
either the binding of Cbl to apo-TCII or the binding of the complex to the TCII membrane receptor. 
Since the type 1 and type 2 mAb do not have overlapping immunoreactive specificity, it is likely 
that the two functional domains of TCII (i.e. Cbl binding and receptor binding) are well separated. 

The type 1 and type 2 mAb, in addition to their common functional property of inhibiting 
TCII-Cbl from binding to the TCII receptor on the cell membrane, also inhibit the cellular uptake 
of Cbl. Figure 4 shows uptake of [^'^Co]Cbl-TCII by K562 cells during 72 hr in culture. Four of 
the Cbl-blocking antibodies tested inhibited Cbl uptake by 75-90% during the culture period. A 
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FIG. 2. The blocking effect of the mAb(s) on the binding of ["Co]Cbl by TCII. Apo-TCII was preincubated with the 
mAb before the addition of [^^Co]Cbl. The percentage blocking was calculated from the decrease in the binding of the 
[^^Co]Cbl observed with the mAb as compared to the binding observed in the control lacking the anti-TCII mAb. 
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FIG. 3. Blocking of TCII-[^^Co]CbI bijiding to tlie TCII receptors on K562 cells by the mAb. TCII-[^^Co]Cbl was 
incubated at 37°C with K562 cells in HBSS containing Ca"*^. Duplicate tubes containing 10 mM EDTA were used to 
determine non-specific binding. The decrease in TCn-[^^Co]Cbl binding to the TCII receptor is expressed as a percentage 
of the TCII-[^^Co]Cbl bound to cells in the control that did not contain the mAb. 



type 3 mAb had no such effect though it did bind apo and holo-TCII. The remaining two type 2 
mAbs similarly blocked the uptake of [^*^Co]Cbl-TCn over 72 and 96 hr (data not shown). The 
three receptor blocking (type 1) mAbs also inhibited by 25-50% the cellular uptake of [^^Co]Cbl 
(Figxire 5). It should be noted that in both experiments the inhibition by type 1 and type 2 niAb of 
Cbl uptake (Figures 4 and 5) persisted throughout the 72 hr culture period. 

DISCUSSION 

In this report we describe the immunoreactive and functional properties of three types of mAb(s) 
generated against human TCII. The type 1 mAb blocks the binding of the TCII-Cbl complex to the 
TCII receptor on the plasma membrane of K562 cells and the type 2 mAb blocks the binding of 
Cbl to TCII. The type 3 mAb neither blocks the binding of Cbl to TCII nor the binding of the 
TCII-Cbl to the TCII membrane receptor although it immunoprecipitates the TCII-Cbl complex. 

A significant property of the type 1 and type 2 mAb is that they both block the cellular uptake 
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FIG. 4. Inhibition of Cbl uptake in K562 cells by type 2 (Cbl blocking) mAb. Apo-TCII was incubated with the mAb 
overnight and the mixture added to the cells in culture with sufficient [^^Co]Cbl to saturate the binding capacity of TCIL 
The uptake of [^^Co]Cbl by the cells was determined at 24, 48 and 72 hr as described in Methods. The four type 2 mAbs 
shown are 1-9 (-■-); 2-6 (-0-); 3-5 (-0-) and 3-9 (-A-). Type 3 mAb is 2-13 (-♦-); control uptake (-□-). Each point is 
the mean of duplicate samples; the vertical bars represent the range. 

of Cbl. For these experiments we used a physiologic concentration of Cbl (370 pM) to study the 
effect of the Cbl-blocking mAb on the cellular uptake of Cbl. We also observed substantial 
blocking of the uptake of Cbl even when the concentration of Cbl in the culture medium (880 pM) 
exceeded that found in normal plasma (150-600 pM). Carmel and Linker-Israeli (15) have previ- 
ously reported the generation of two different mAbs against TCIL Neither mAb inhibited the 
binding of Cbl to TCII but one of the two inhibited by 60% the uptake of Cbl by K562 cells. 
Cbl deficiency in hxunans perturbs a number of essential metabolic pathways. The consequent 
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FIG. 5. The effect of type 1 (receptor blocking) mAb on the uptake of TCII-Cbl by K562 cells in culture. The mAb was 
incubated with TCII-[^^Co]Cbl overnight and the mixture was added to the cells in culture. The uptake of [^'Co]Cbl by the 
cells was determined at 24, 48 and 72 h as described in Methods. The three type 1 mAbs are 2-2 (-A-); 3-1 1 (-0-) and 4-7 
(-0-); control uptake, (-■-). Each point is the mean of triphcate samples; the vertical bars represent the range. 
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deficiency of methyl-Cbl impairs the methylation of homocysteine resulting in a decrease in 
methionine and its important metaboUte, S-adenosylmethionine (16). A second consequence of 
methyl-Cbl deficiency is the trapping of N^-methyltetrahydrofolate, the source of the carbon unit 
for methylation of homocysteine, and this also reduces the pool of folate cofactors that are essential 
for nucleic acid synthesis (6). The hematologic sequela of this deficiency is megaloblastic hema- 
topoiesis with intramedullary cell death that is apparently due to apoptosis (17). For this reason, 
perturbation of Cbl metabolism has been sought as a means to control proliferation of neoplastic 
cells. 

The mAb(s) we generated against TCIl may be an altemative to anti-metabolites that target an 
intracellular pathway(s) and that have secondary and often deleterious effects. In preliminary 
studies on the biological effect of blocking Cbl uptake (18), we have also observed that K562 cells 
cultured for 12-15 days with type 1 mAb induces morphological characteristics of apoptotic cell 
death thus duplicating an effect of folate deficiency (17). 

A clinical observation that has never been satisfactorily clarified is that patients with severe Cbl 
deficiency who have folate trapped as N^methyltetrahydrofolate may have a hematologic response 
to daily administration of folic acid in excess of 400 fxg (19). The induction of isolated Cbl 
depletion of sufficient magnitude to cause apoptosis in cultured cells by blocking the uptake of 
TCII-Cbl could provide the experimental model to precisely quantify the level of folate required to 
bypass this "methyl trap" and provide sufficient folate cofactors to restore nucleic acid synthesis. 
In addition, the inhibitory effect of the mAbs on the uptake of TCII-Cbl by neuronal cells and 
especially, the Schwann cells that deposit myelin around neuronal axons, may provide the bio- 
chemical basis for the demyelinization that occurs in Cbl deficiency and rarely seen in folate 
deficiency. 
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Synthesis of Cobalamin Dimers Using Isophthalate Cross-Linking of 
Corrin Ring Carbo^cylates and Evaluation of Their Binding to 
Transcobalamin II 

Pradip M. Pathare,^ D. Scott Wilbur,*-^ Donald K. Hamlin,^ Shannon Heusser,^ Edward V. Quadros,* 
Patricia McLoughlin,* and A. Charles Morgan^-^ 

Department of Radiation Oncology, University of Washington, Seattle, Washington 98195, 

VA Medical Center-SUNY Health Science Center, Brooklyn, New York 11209, and Receptagen Corporation, 

Edmonds, Washington 98020. Received August 21, 1996® 



Several cobalcimin (Cbl) dimers have been prepared for evaluation as potential antiproliferative agents 
in the treatment of AIDS-related lymphoma. The Cbl dimers were synthesized by cross-linking Cbl 
carboxylates, produced by acid hydrolysis of the b-, d-, and e-propionamide side chains of cyanoco- 
balamin (CN-Cbl), through an isophthalate molecule. Linking molecules were used between the Cbl 
carboxylates and the isophthalate moiety. The linkers were incorporated to provide a distance between 
the two Cbl molecules such that the dimeric Cbls might bind two molecules of transcobalamin II 
(TCII), the Cbl transport protein in plasma. Initially, the linking moiety used was 1 J2-diaminodode- 
cane, but the resulting dimers had low aqueous solubility. To improve the solubility of the dimers, 
4,7,10-trioxa-l,13-tridecanediamine was employed as the linking moiety. This improved the water 
solubility of the dimers considerably, while retaining the distance between the Cbl molecules at 41 — 
42 A (fully extended). To introduce additional substitution on Cbl dimers, 5-aminoisophthalic acid 
was used as the cross- linking reagent. /f-Iodobenzoyl and />-(tri-/7-butylstannyl) benzoyl conjugates of 
5-aminoisophthalate were sjmthesized and used to prepare Cbl dimers. The stannylbenzoyl-conjugated 
Cbl dimers were prepared as precursors to be used in radioiodination reactions, and the iodobenzoyl- 
conjugated Cbl dimers were prepared as HPLC standards for the radioiodinated product. Attempts 
to iodinate/radioiodinate the stannylbenzoyl Cbl dimers were unsuccessful. Although an explanation 
for this is not readily apparent, the failure to react may be due to the lipophilicity of the linker used 
and the steric environment of the two Cbl moieties. A biotinylated derivative of 5-aminoisophthalate 
was also synthesized and used to prepare biotinylated-Cbl dimers. In a competitive rhTCII binding 
assay with [^^Co] CN-Cbl, Cbl dimers containing the lipophilic diaminododecane linking moiety had 
decreased binding avidities compared to those of Cbl monomers substituted at the same corrin ring 
carboxylate. However, Cbl dimers containing the water-solubilizing trioxadiamine linker appeared 
to have avidities similar to those of the Cbl monomers. 



INTRODUCTION 

Cobalamins (Cbls^) are cofactors in enzymatic path- 
ways associated with DNA and protein synthesis in cells 
{J, 2), Actively dividing cells, such as hematopoietic cells 
in bone marrow, avidly take up Cbls. Importantly, it has 
been noted that Cbls play a significant metabolic role in 
human leukemia cells {3, 4). These facts have led us to 
investigate the application of Cbl depletion to the therapy 
of rapidly dividing and proliferating cells found in 
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leukemias and lymphomas. Evidence for such an anti- 
proliferative therapeutic approach is not without prece- 
dent as previous investigations have shown that thera- 
peutic responses could be obtained in patients when they 
were isolated in an atmosphere containing the anesthetic 
agent nitrous oxide (N2O) (5, 6). N2O administration 
causes an oxidative inactivation of Cbl, depleting cells 
in the body of metabolically active forms of Cbl. The use 
of N2O, while effective for inactivation of Cbl, presents 
several problems for its general application to the therapy 
of leukemias or lymphomas. One major problem is that 
patients are required to stay in an atmosphere of N2O 
for extended periods of time, which results in extended 
hospitalization and the need for constant patient moni- 
toring. Additionally, serious neurological side effects 
have been observed in some patients undergoing this 
treatment. Further, the nonspecific nature of the oxida- 
tion of Cbl with N2O can have effects on many different 
biological systems and may lead to a number of toxicities. 
Thus, an alternative approach for depletion of cellular 
Cbl was conceived. 

We have begun to investigate a novel approach to 
depletion of cellular Cbl which is directed at developing 
a pharmaceutical capable of blocking entry of endogenous 
Cbls into cells. Since the entry of Cbls into cells at 
physiological concentrations appears to be completely 
dependent on a receptor-mediated process (7). we are 
investigating synthetic Cbl derivatives designed to in- 
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terfere with the receptor-mediated cellular uptake of 
endogenous Cbls. It is known that cellular uptake of Cbls 
is a complex and highly regulated process which involves 
(1) transport of Cbl in plasma via a high-affinity serum 
Cbl binding protein, transcobalamin II (TCII) (8j ; (2) cell 
surface binding of the Cbl/TCII complex with a glycopro- 
tein receptor (^; (3) internalization of the Cbl/TCII/ 
receptor complex; and (4) release of the Cbl to the 
cytoplasm. Importantly, it has been shown in leukemia 
cells (e.g. LI 2 10 and K562 cell lines) that the Cbl/TCII 
cell surface receptor density, which is directly related to 
Cbl uptake, is up-regulated during proliferation and 
down-regulated during quiescence (IC). Although the 
process of receptor-mediated uptake and delivery of Cbls 
to cytoplasm is not fully understood, it has been shown 
that the lysosomotropic agent chloroquine and the mono- 
carboxylate proton ionophore monensin can drastically 
decrease the Cbl/TCII surface receptor concentration in 
K562 leukemia cells {JC). The lack of information avail- 
able on the effect of alterations in the Cbl molecule on 
receptor trafficking and release of Cbl to cytoplasm 
makes it impossible to have a rational design of Cbl 
derivatives. Therefore, our initial investigations have 
involved synthesizing a number of Cbl derivatives con- 
taining a variety of appended groups for evaluation in 
cellular proliferation assays. To focus our synthetic 
efforts somewhat, we reasoned that Cbl derivatives 
containing appended highly lipophilic groups (e.g. fatty 
acids), highly ionic groups (e.g. alkyl sulfonates), or 
lysosomotropic agents (e.g. polyamines) {I I) might result 
in retention of the Cbl, and possibly the retention of TCII/ 
cell surface receptor, in endosomes and/or lysosomes. 

When considering possible Cbl derivatives for synthe- 
sis, we became intrigued by derivatives that contain two 
or more Cbl moieties on the same molecule. Of the many 
derivatives that might be prepared, it appeared that 
binding with more than one TCII molecule had a higher 
potential for altering the receptor recycling process. 
Following this logic, we became interested in dimeric Cbl. 
derivatives as they presented less of a synthetic challenge 
than molecules with multiple Cbl moieties. Since our 
approach was to utilize the Cbl/TCII receptor-mediated 
cell internalization process, it was apparent that any 
synthetic Cbl derivative prepared must bind with the 
plasma protein TCII as effectively as endogenous Cbl. 
Previous studies by this group {12, IS) and several other 
groups [14—17) have shown that conjugation of chemical 
moieties on the corrin ring side chains provides a stable 
attachment to the Cbl moiety which, depending on the 
location of attachment, has a varying effect on the 
binding with TCII. That variability of binding has been 
found to range from 3 orders of magnitude decreased 
binding relative to cyanocobalamin (CN-Cbl), 1, for 
conjugates at the c-acetamide side chain, to nearly 
equivalent binding to TCII for the e-propionamide side 
chain conjugates {12). Thus, cobalamin dimers that were 
linked through corrin ring attachments were targeted. 
As with other Cbl derivatives, we felt that the cobalamin 
dimers should be designed such that it was possible to 
append functional groups that could change the physical 
nature (e.g. lipophilicity and ionic nature), or add lyso- 
somotropic properties, to the dimers, so a trifunctional 
cross-linking moiety was included in the design. Further, 
it seemed important to design the Cbl dimers in a manner 
that separated the Cbl moieties by a significant distance 
such that binding with two TCII molecules might be 
achieved. 

Reported herein are the synthesis and preliminary 
binding studies of 14 Cbl dimers. The dimers prepared 
employ isophthadic acid or aminoisopththalic acid moi- 



eties to cross-link corrin ring Cbl-carboxylates {b-, d-, or 
e-isomers). Cross-linking was accomplished by incorpo- 
rating linker molecules, containing two terminal amino 
groups, between the Cbl carboxylates and the carboxy- 
lates of isophthalic acid. As part of the investigation, Cbl 
dimers containing arylstannanes were prepared such 
that radioiodine might be incorporated through an io- 
dodestannylation reaction {IS, IS). Biotinylated Cbl 
dimers were also prepared in the investigation. Binding 
of 1 1 Cbl dimers with recombinant human TCII (rhTCII), 
relative to [^^Co]CN-Cbl, was measured in a competitive 
binding assay. 

EXPERIMENTAL PROCEDURES 

General. All chemicals purchased from commercial 
sources were of analytical grade or better and wei'e used 
without further purification, Cyanocobalamin (CN-Cbl; 
vitamin B12) was obtained from Sigma Chemical Co. (St. 
Louis, MO). /V-Hydroxysuccinlmide and isophthaloyl 
dichloride were purchased from Lancaster Synthesis Inc. 
(Windham, NH). All other reagents were obtained from 
Aldrich Chemical Co. (Milwaukee. WI). Solvents for 
HPLC analysis were obtained as HPLC grade and were 
filtered (0.2 (xm) prior to use. Ion exchange chromatog- 
raphy was conducted with 200-400 mesh strongly basic 
anion, 2% cross-linked Dowex 1 chloride (Aldrich). Am- 
berlite XAD-2 nonionic polymeric adsorbent and octadecyl 
functionalized silica gel for column chromatography were 
also obtained from Aldrich. Bio-Sil NH2 (aminopropyl 
bonded silica) (40—63 //m) for column packing was 
purchased from Bio-Rad Laboratories (Hercules. CA). 
Phosphate-buffered saline (PBS) was prepared as a 
solution containing 8.1 mM Na2P04, 1.2 mM KH2PO4, 
and 138 mM NaCl, pH 7.4. Human serum albumin 
(HSA) was obtained from Miles, Inc. (Elkhart, IN). 

Molecular modeling of Cbl dimers was conducted to 
estimate the distance between the Cbl moieties. The 
modeling was conducted with ChemDraw Plus/Chem3D 
Pro software (CambridgeSoft Corp., Burlington, MA) on 
a Macintosh 8100/80 computer. Structures of the Cbl 
cross-linking reagents were drawn (fully extended) and 
minimized for structural error and energy, and inter- 
atomic distances were obtained directly from the com- 
puter program. 

Spectroscopic Data. ^H NMR spectra were obtained 
on either a Bruker AC-300 (300 MHz) or a Bruker AC- 
500 (500 MHz) instrument. The chemical shifts are 
expressed as parts per million using tetramethylsilane 
as an internal standard {6 — 0.0 ppm). IR data were 
obtained on a Perkin-Elmer 1420 infrared spectropho- 
tometer. UV data were obtained on a Perkin-Elmer 
Lambda 2 UV— vis spectrophotometer or a Shimadzu UV 
160U spectrophotometer. UV absorbances were obtained 
as previously described {12). Mass spectral data were 
obtained on a VG 70SEQ mass spectrometer with 1 12 50 J 
data system. Fast atom bombardment (FAB"^) mass 
spectral data were obtained at 8 kV using a matrix of 
3-nitrobenzyl alcohol (3NBA) or a matrix of 90% thioglyc- 
erol, 9% DMSO, and 1% TFA (DMIX). We were unable 
to find conditions for obtaining mass spectral data with 
the stannylbenzoyl-Cbl dimers 27-29. 

Identity of the Cbl derivatives was established by mass 
spectral and NMR data (see Supporting Information). 
Elemental analyses were not obtained for the Cbl dimers 
due to the difficulties encountered previously with mon- 
omeric Cbls {12, 13). Purity of the Cbl derivatives was 
established by HPLC analysis (see Supporting Informa- 
tion). 

Analytical Chromatography. HPLC separations of 
compounds were obtained on a Hewlett-Packard quater- 
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nary 1050 gradient pumping system with a variable 
wavelength UV detector (360 nm). Analysis of the HPLC 
data was conducted on Hewlett-Packard HPLC C hem- 
station software. All reactions were monitored by HPLC. 

Separations of the CN-Cbl, 1, and Cbl derivatives 2-10 
were conducted on an aminopropyl -silica column at a flow 
rate of 1 mL/min. The HPLC separations of the precur- 
sor compounds 1—7 were conducted on a 5 ^m, 4.6 mm 
X 250 mm aminopropyl column (Rainin microsorb-MV 
amino column) eluting with 58 mM pyridine acetate, pH 
4.4. in H2O/THF (96:4) solution Retention times for 
the Cbls evaluated with this system were as follows; 1= 
2.7 min; 2 = 3.8 min; 3 = 4.4 min; 4 = 5.1 min; 5 = 2.2 
min; 6 — 2.2 min; 7 = 2.2 min; 8 = 2.3 min; and 10 = 2.3 
min. 

HPLC separations for benzoyl am inoisophthal ate 11- 
14 were conducted on a Hewlett-Packard LiChrospher 
100 RP-18 (5 //m; 4.6 mm x 125 mm) Cig column using 
a gradient solvent system. Solvent A in the gradient was 
MeOH. Solvent B was H2O. Starting from 70% A. the 
initicil solvent mixture was held for 2 min, then the 
gradient was increased to 100% A over the next 10 min, 
and 100% A was held for 5 min. The gradient was 
decreased in percentage of A to 70% over the next 5 min. 
Retention times under these conditions were as follows: 
11 = 3 min (solvent front); 12 = 6.6 min; 13 = 14.8 min; 
and 14 = 21.9 min. 

HPLC separations for aminocaproate— biotin deriva- 
tives 15—20 and for dimers 21—31 were conducted on a 
C18 reversed phase column employing a gradient. Solvent 
A in the gradient was methanol. Solvent B was aqueous 
1% acetic acid. The gradient was begun at 40% A and 
was held at that composition for 2 min, and then the 
percentage of A was linearly increased to 100% over the 
next 10 min. The gradient was held at 100% A for 20 
min. Retention times under these conditions for dimers 
were as follows: 15 — 6.1 min; 16 = 12,9 min; 17 = 7.2 
min; 18 = 12.7 min; 19 = 8.4 min; 20 = 14.8 min; 21 = 
12.6 min; 22 = 12.3 min; 23 = 13.0 min; 24 = 13.5 min; 
25 = 13.8 min; 26 = 13.9 min; 27 = 8.6 min; 28 = 8.7 
min; 29 = 9.0 min; 30 = 12.8 min; and 31 = 12.8 min. 

For HPLC chromatography of dimers 32—34, reversed 
phase chromatography was conducted at a flow rate of 1 
mL/min. Solvent A in the gradient was methanol. 
Solvent B was H2O. The gradient was held at the 
starting mixture of 70% A for 2 min, and then the 
percentage of A was linearly increased to 1 00% over the 
next 10 min. Retention times for the compounds exam- 
ined under these conditions were as follows: 32 = 10.4 
min; 33 = 10.8 min; and 34 = 10.8 min. 

Preparative LC. A preparative LC system containing 
a Rainin Rabbit-plus peristaltic pump and a Dynamax 
Model FC-1 fraction collector was used to obtain pure 
samples of Cbl derivatives. Compounds were separated 
on either an aminopropyl silica column (1000 mm x 25 
mm; 40—63 ptm\ Alltech) or a Ctg reversed phase column 
(25 mm x 500 mm; octadecyl; Aldrich). Isolation of 
purified products was aided by eveduation of collected 
fractions from the preparative LC on an analj^ical HPLC 
column. 

Preparation of Cyanocobalamin Monocarboxylic 
Acids 2, 3, or 4. The th, c/-, and e-Cbl monocarboxylates 
(2, 3, and 4, respectively) were prepared as previously 
reported [l2j. Briefly, CN-Cbl was hydrolyzed in 0.1 N 
HCl over 10 days at room temperature. Following the 
hydrolysis reaction, the isomeric monocarboxylates were 
separated from starting CN-Cbl and from di- and triacids 
by ion exchange chromatography. Separation of the 
individual carboxylate isomers was accomplished by 



preparative liquid chromatography on an aminopropyl- 
silica column (25 mm x 1000 mm) at a flow rate of 0.15 
mL/min. 

General Procedure for Conjugation of 2, 3, or 4 
with 142-Diaminododecane; Synthesis of 5, 6, and 

7. The conjugation of the Cbl-monocarboxylates with 
diaminododecane was accomplished as previously de- 
scribed Briefly, reaction of 2, 3, or 4 with diamino- 
dodecane, EDC, or NHS and in a 1:1 mixture of DMF 
and H2O for 4 days yielded the desired compounds after 
purification by ion exchange chromatography. 

Conjugation of Cyanocobalamin Monocarboxylic 
Acid vwth 4,7,10-Trioxa-l,13-Tridecanediamine; Syn- 
thesis of 8 and 10. A 2.0 g (1.47 mmol) quantity of a 
CN-Cbl monocarboxylic acid, 2 or 4, and 0.68 g (5.9 mmol) 
of NHS were dissolved in 100 mL of water. To that 
mixture was added 1 .46 g (29 mmol) of NaCN, then 16 g 
(36 mmol) of 4,7,10-trioxa-l,13-tridecanediamine was 
added, and the pH was adjusted to 6 with 1 N HCl. To 
that solution was added 1.14 g (5.9 mmol) of EDC, and 
the pH of the solution was readjusted to 5.5. The reaction 
mixture was then stirred overnight in the dark at rt. In 
five intervals of 6- 1 4 h, 0.68 g of NHS and 1 . 1 4 g of EDC 
were added to the solution, with the pH value readjusted 
to 5.5 each time. After a total reaction time of 4 days, 
the solution was evaporated to dryness. The residue was 
washed with 100 mL of acetone, and the solvent was 
decanted. The remaining solid was dissolved in 50 mL 
of H2O and applied to an Amberlite XAD-2 (200 g; 4 cm 
X 60 cm) column. The column was eluted with 1 L of 
water, and then the desired product was eluted with 500 
mL of methanol. The methanol fractions were evapo- 
rated to dryness, and the residue was dissolved in 25 mL 
of water and was applied to a ion exchange column (100 
g; 2.5 cm x 60 cm; acetate form; 200—400 mesh). The 
final product was eluted using 250 mL of water, thereby 
leaving nonconverted Cbl-acid bound to the column, 
which was later eluted with 0.04 mol/L sodium acetate 
buffer, pH 4.7. The fractions containing the final product 
were evaporated to dryness and then washed with 
acetone and filtered. The solid obtained was recrystal- 
lized from aqueous acetone. 

b'lsomei (8): yield. 2.0 g (87%); mp, 213-217 X with 
decomposition; ^H NMR (MeOH-t/^ 6 0.44 (s, 3H), 1.17 
(d, 5H), 1.25 (d, 4H), 1.36 (d, 7H). 1.45 (s, 4H), 1.74 (m, 
lOH), 1.88 (s, 11H),2.27 (d, 8H), 2.34 (m, IIH), 2.56 (m, 
IIH), 3.17 (t, 3H), 3.2 (m, 9H), 3.3 (m, 6H), 3.4 (m, 4H), 
3.5 (s, 7H), 3.58 (s, 8H), 3.6 (m, IIH), 3.7 (m, IH), 3.88 
(m, IH). 4.07 (m. IH), 4.1 (m, IH), 4.17 (m, IH), 4.3 (m, 
IH), 4.5 (m, IH). 4.6 (m, IH), 6.04 (d, IH). 6.27 (s, IH), 
6.52 (s. IH), 7.13 (d, IH), 7.25 (s. IH); MS (FAB+) mass 
calcd for C73H109N15O18C0P 1557, found 1558 (M + H)+; 
IR (KBr. cm-i) 3400, 3200, 2950, 2060, 1660. 1570, 1490, 
1060; UV (H2O) A361 (e = 17 500). 

e-Isomei yield, 1.5 g (65%); mp, 112-1 16 X with 
decomposition; »H NMR (MeOH-c/4) ^ 0.44 (s, 3H), 1.18 
(s, 3H), 1.25 (d. 5H), 1.37 (d, 8H). 1.45 (s. 4H). 1.74 (m, 
lOH), 1.88 (s. IIH), 2.28 (d, 7H), 2.3 (m. 15H), 2.56 (d, 
IIH). 3.17 (t. 3H), 3.2 (t, 4H), 3.3 (m. IIH), 3.4 (m, 4H). 

3.5 (s. 7H), 3.58 (d, 3H), 3.6 (m, 5H), 3.7 (m, IH), 4.0 (m. 
IH), 4.1 (d. IH). 4.19 (m, IH), 4.3 (m. IH), 4.5 (d, IH), 

4.6 (m. IH), 6.05 (d, IH), 6.27 (s, IH), 6.57 (s, IH), 7.1 
(d, IH). 7.25 (s, IH), MS (FAB+) mass calcd for C73' 
HiogNisOisCoP 1557, found 1558 (M + H)+; IR (KBr, 
cm-^ 3400, 3200. 2950, 2060, 1660. 1570, 1490. 1060: 
UV (H2O) A361 (e = 12 800). 

/^Iodobenzoyl-5-aminoisophthalic Acid, 12. A 5.0 
g (28 mmol) quantity of 5-amino-isophthalic acid. 11. was 
dissolved in 30 mL of 1 N NaOH and placed in an ice/ 
water bath. To the cold solution was added 7.5 g (28 
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mmol) of 4-iodobenzoyl chloride in 60 mL of acetonitrile, 
dropwise. The thick white precipitate was stirred for 10 
min before the ice/water bath was removed, and the 
mixture was allowed to stir for an additional 10 min. The 
reaction mixture was adjusted to pH 4 with acetic acid 
and the resulting solid collected. This solid was dissolved 
in 30 mL of 1 N NaOH and washed with 2 x 50 mL of 
ether. The resulting aqueous solution was filtered and 
acidified to pH 4 with acetic acid. The white precipitate 
was collected and dried under high vacuum to yield 1 1 .6 
g (99+%) of 12: mp >300 "C; NMR (DMSO-c/5) d 7.84 
(d, 2H, J= 4.1 Hz), 7.94 (d. 2H, J= 4.2 Hz), 8.27 (s, 
IH), 8.51 (d, 2H, J= 0,7 Hz); IR (Nujol, cm'O 3570, 3300, 
1645, 1580, 1525, 760; HRMS (FAB"*"; DMIX) (M + H)+ 
mass calcd for C15H11INO5 411.9682, found 411.9696. 

/^Iodobenzoy^5-aIIlinoisophthalate DiTFP Ester, 
13. A 5.0 g (12.2 mmol) quantity of 12 was suspended 
in 1 00 mL of anhydrous ethyl acetate. To this suspension 
was added 12,5 g (73 mmol) of 2,3,5, 6-tetrafluorophenol 
(TFP-OH) followed by 5.0 g (24.2 mmol) of 1,3-diqyclo- 
hexylcarbodiimide (DCC). This suspension was stirred 
at rt for 3 days before filtering off the solid and washing 
with an additional 20 mL of ethyl acetate. The filtrate 
was evaporated to dryness. The resulting sticky white 
solid was suspended in 50 mL of acetonitrile, stirred for 
30 min, and filtered to yield 3.75 g of 13 as a white solid 
(43%): mp 250-251 °C; ^H NMR (DMSO-c/e) d 7.81 (d, 
2H, J= 4.3 Hz), 7.94 (d, 2H, J= 4.2 Hz), 8.04 (m, 2H), 
8.57 (t, IH, J= 1.4 Hz), 9.06 (d, 2H, J= 0.7 Hz); IR 
(Nujol, cm-») 3220, 3060, 1750, 1655, 1520, 1485, 1330, 
1195, 1110, 1085, 955,945; HRMS (FAB+; 3NBA) (M + 
H)+ mass calcd for CzyHnFglNOs 707.9554, found 
707.9552. 

/^(Tri-/J-butylstannyl)benzoyl-5-aminoisophthal- 
ate DiTFP Ester, 14. A 2.0 g (2.8 mmol) quantity of 
13 was dissolved in 20 mL of dry toluene under argon. 
To this solution was added 2.8 mL (5.5 mmol) of bis- 
(tributyltin), followed by 40 mg (0.04 mmol) of tetrakis- 
(triphenylphosphine)palladium(O). The mixture was 
stirred at rt for 15 min before heating to 80 °C for 2 h. 
After 2 h, an additional 40 mg of palladium catalyst was 
added. Within 1 h the mixture had turned black. After 
cooling to rt, the toluene was removed by rotary evapora- 
tion. The resulting black oil was taken into 20 mL of 
ethyl acetate and dried onto 10 g of silica gel while on a 
rotary evaporator. The oil-coated silica was added to the 
top ofa250g(40x3.5 cm) silica gel column. The column 
was initally eluted with hexanes containing 5% acetic 
acid, but after eluting with 600 mL, the solvent was 
changed to 90:10 hexanes/ethyl acetate (containing 5% 
acetic acid). Fractions 14-16 were combined and dried 
to yield 1.5 g of 14 as a white solid (62%): mp 120-123 
X; ^HNMR (CDCI3) 6 0.89 (t, 9H. J= 7.3 Hz), 1.11 (m. 
6H), 1.36 (m, 15H), 1.55 (m, 6H), 7.07 (m, 2H), 7.62 (d, 
2H, J= 4.1 Hz), 7.84 (d, 2H, J= 4.1 Hz), 8.38 (s, IH), 
8.76 (t. IH, y= 1.6 Hz), 8.87 (d, 2H, J= 0.7 Hz); IR 
(Nujol, cm-i) 1750, 1645, 1520, 1480, 1185. 1100, 1085; 
MS (FAB+) mass calcd (isotopic abundance) 868 (38%). 
869 (37%), 870 (75%), 871 (53%). 872 (100%), 873 (41%), 
874 (21%); mass found 868 (47%), 869 (42%), 870 (82%). 
871 (55%). 872 (100%), 873 (42%), 874 (26). 

Biotin TFP Ester, 16. A 3.0 g (12.3 mmol) quantity 
of biotin, 15, was dissolved in 60 mL of warm (70 X) 
DMF under argon atmosphere. The solution was cooled 
to ambient temperature, and 2.79 g (13.5 mmol) of DCC 
was added, followed by 40.8 g (24.6 mmol) of TFP -OH. 
The reaction mixture was cooled to 0 °C and stirred at 
that temperature for 0.5 h. It was brought back to 
ambient temperature and stirred for another 4-5 h. The 
mixture was filtered and the filtrate evaporated to 



dryness. The resultant solid was washed with 50 mL of 
acetonitrile and dried to yield 5.0 g (98%) of 16 as a white 
solid: mp 185-187 X (26): *H NMR (DMSO-cfe) d 1.4 
(m, 2H), 1.7 (m. 2H), 2.5 (t, 2H), 2.8 (t, 2H). 3.1 (m. IH). 
4.1 (m, IH), 4.3 (m. IH), 6.4 (d. 2H). 7.9 (m. IH); IR (KBr. 
cm'O 3250, 2915. 1790, 1710, 1520, 1480. 1090. 

Biotin-Aminocaproate TFP Ester, 18. A 0.99 g 
quantity (7.5 mmol) of 6-aminocaproic acid was dissolved 
in 75 mL of H2O. To this mixture was added 0.5 mL of 
triethylamine, followed by a solution of 1.96 g (5 mmol) 
of 16 in warm acetonitrile (300 mL). The reaction was 
stirred overnight at rt. It was filtered, washed with 50 
mL of H2O, and dried under high vacuum to yield 0.870 
g (47%) of 17. Additional material was obtained by 
evaporating the filtrate to dryness, dissolving the residue 
in 75 mL of CH3CN, and allowing the CH3CN solution 
to cool to rt. The resultant solid was filtered, washed 
with warm acetonitrile, and dried under high vacuum 
to give an additional 0.6 g. Total yield of 17 was 1 .47 g 
(79%): mp 225-227 X; >H NMR (DMSO-c/e) d 1.2-1.6 
(m. 8H), 2.0 (t, 2H). 2.2 (t, 2H). 2.5 (dd, 2H). 2.8 (dd. 2H), 
3.1 (m, 3H), 4.1 (m, IH), 4.3 (m. IH), 6.4 (d, 2H), 7.7 (m. 
IH); IR (KBr, cm'O 3280, 2915, 1710, 1630, 1540. 1260, 
1030. 

A 1 .0 g quantity (2.68 mmol) of 17 was dissolved in 50 
mL of DMSO. To that solution was added 0.4 mL of 
triethylamine, followed by 1.05 g (4.02 mmol) of TFP- 
OTFA {21). The reaction mixture was stirred at rt for 
15—20 min and then evaporated to dryness. The residue 
was washed with ether and dichloromethane. The 
resulting solid was dried under vacuum to yield 1.24 g 
(89%) of 18: mp 139-141 X; 'H NMR (DMSO-c/e) d 1.2 
(t, 2H). 1.3-1.7 (m, 5H), 2.1 (t. 2H), 2.6 (dd. 2H). 2.8 (m. 
4H), 3.1 (m. 4H). 4.2 (m. IH). 4.4 (m, IH). 6.4 (d, 2H), 
7.8 (t. IH), 8.0 (m. IH); IR (KBr. cm~^) 3300, 2940. 1785, 
1690, 1640. 1520, 950; HRMS (FAB+, 3NBA) (M + H)+ 
mass calcd for C22H28F4N3O4S 506.1737, found 506.1732. 

Biotin-Aminocaproate S-Aminoisophthalic Acid 
DiTFP Ester. 20. A 0.35 g (0.67 mmol) quantity of 18 
was dissolved in 40 mL of DMF. To that solution was 
added 80 /^L of triethylamine, followed by 0.182 g (1.01 
mmol) of 5-aminoisophthalic acid. The reaction was 
stirred at rt for 8 days, with triethylamine (80 //L) added 
every 24 h. It was then evaporated to dryness, and the 
residue was applied to a silica column. The column was 
initially eluted with 450 mL of acetonitrile, followed by 
40 mL of methanol, and then DMF. collecting 20 mL 
fractions. The fractions containing the final product 
(HPLC monitored) were evaporated to dryness to yield 
230 mg (65%) of 19: mp 193-195 X: »H NMR (DMSO- 
cfe) a 1.3-1.7 (m.8H).2.1 (t. 2H). 2.3 (t. 2H). 2.6 (m. 2H). 
2.8 (m. 2H). 3.1 (m, 3H), 4.1 (m, IH), 4.3 (m. IH). 6.4 (d. 
2H), 7.8 (t, IH), 8.1 (m. IH). 8.46 (s. 2H); IR (KBr. cm"') 
3280. 2920, 1710. 1690, 1640. 1240. 1100, 900; HRMS 
(FAB+, 3NBA) (M + H)+ mass calcd for C24H33N4O7S 
521.2070, found 521.2070. 

A 200 mg (0.376 mmol) quantity of 19 was dissolved 
in 30 mL of DMF under argon atmosphere. To this 
solution was added 241 mg (0.94 mmol) of TFP-OTFA 
by a transfer using a double-ended needle. That addition 
was followed by addition of 1 1 2 fiL of triethylamine. The 
reaction mixture was stirred at rt for 24 h (HPLC 
monitored) and then evaporated to dryness. The light 
brown oil was triturated with ether, and the solution was 
filtered and washed with 50 mL of additional ether to 
yield 250 mg (86%) of 20: mp 135-137 X; ^H NMR 
(DMSO-c/e) d 1.3-1 .7 (m. 8H). 2.1 (t. 2H). 2.3 (t, 2H). 2.6 
(m. 2H), 2.8 (m, 2H). 3.1 (m. 3H). 4.2 (m. IH), 4.4 (m. 
IH). 6.4 (d. 2H). 7.8 (t. IH). 8.1 (m. 2H). 8.57 (s. IH). 8.9 
(s. 2H); IR (KBr, cm'O 3280. 2920, 1260, 1200, 1690, 
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1520, 1185. 950; HRMS (M + H)+ mass caJcd for 
C36H32F8N4O7S 817.1942, found 817.1920. 

Conjugation of Cyanocobalamin Monocarboxylic 
Acid Diaminododecane with Isophthaloyl Dichlo- 
ride; Synthesis of 21-23. To a solution of 0.300 g 
(0.192 mmol) of 5, 6, or 7 in 30 mL of DMF was added 
1 8 //L of trietiiylamine. To that solution was added 0. 1 95 
g (0.096 mmol) of isophthaloyl dichloride over a period 
of 1 0— 15 min. The reaction mixture was stirred at SS- 
OO °C for 48 h. It was then evaporated to dryness. The 
solid residue was dissolved in 20 mL of methanol/HaO 
(7:3) and eluted on a preparative reversed phase column 
(500 mm x 25 mm) with the same solvent. The fractions 
containing the product were evaporated to dryness. 

b-AcidDimei (21): yield. 121 mg (38%); mp 220-222 
•^C with decomposition; NMR (D2O) d 0.43 (s, 6H. C-20 
CH3), M7 (s, 8H). 1.22 (d. 13H), 1.29 (s. 45H). 1.36 (d. 
22H). 1.44 (s, lOH). 1.6 (m. 8H), 1.87 (s, 8H). 2.04 (m. 
lOH). 2.25 (s, 12H). 2.36 (m. 8H). 2.55 (d. 20H). 2.8 (m. 
8H). 3.15 (m. 8H). 3.29 (s. lOH), 3.36 (m. 14H). 3.6 (m. 
4H). 3,73 (m. 2H). 3.9 (d. 2H), 4.07 (m. 2H). 4.12 (m. 2H). 
4.16 (m. 2H). 4.3 (m. 2H), 4.5 (m. 2H). 4,6 (s. 2H). 4.66 
(m. 2H), 6.0 (s. 2H). 6.26 (d. 2H), 6.6 (s. 2H). 7.1 (s. 2H). 
7,25 (s. 2H). 7.54 (t IH). 7.93 (d. 2H). 8.25 (s, IH); MS 
(FAB+) mass calcd for C158H228N30O30C02F2 3208.2 found 
3208 (M)+; IR (KBr. cm'^) 3400. 3200. 2950. 2060. 1660. 
1570. 1490. 1060; UV (MeOH) A360 = 33 900). 

d'Acid Dimer (22): yield. 96 mg (30%); mp 217-220 
X with decomposition; NMR (D2O) d 0.43 (s. 6H. C-20 
CH3), 1.18 (s. 8H). 1.3 (m. 36H). 1,37 (m. 12H). 1.46 (s. 
lOH). 1.6 (m. 8H). 1.9 (d. 12H). 2.05 (m. lOH). 2.2 (d. 
16H). 2.35 (m. 8H). 2.6 (d. 18H). 2,8-3.0 (m. 16H). 3.15 
(m. 6H). 3.3 (s. 8H), 3.37 (m. 14H). 3.6 (m. 4H). 3.76 (m. 
2H), 3.9 (d. 2H). 4.07 (m. 2H). 4.12 (m. 2H). 4.18 (m. 2H). 
4.3 (m. 2H). 4.5 (m. 2H). 4.6 (s. 2H). 4.68 (m, 2H). 6.0 (s. 
2H). 6.26 (d. 2H). 6.6 (s. 2H). 7.1 (s. 2H). 7.25 (s. 2H). 
7.54 (t. IH). 7.95 (d. 2H). 8.25 (s. IH); MS (FAB+) mass 
calcd for C158H228N30O30C02P2 3208. found 3208 (IVI)+; IR 
(KBr. cm-i) 3400, 3200. 2950. 2060. 1660. 1570, 1490. 
1060; UV (MeOH) A360 (e = 42 400), 

e-AcidDimei (23): yield. 96 mg (30%); mp 225-228 °C 
with decomposition; *H NMR (D2O) d 0.43 (s, 6H). 1.16 
(s. 8H), 1.29 (m. 36H). 1.35 (d, 12H). 1.44 (s, lOH). 1.53 
(m. 6H), 1.6 (m. 8H). 1.85 (s, 12H). 2.03 (m, 8H), 2.25 (d. 
12H), 2.33 (m. 8H), 2.54 (d, 20H). 2.8 (m. 8H). 3.13 (m. 
8H), 3.28 (s. 12H). 3.35 (m. 12H). 3.6 (m. 4H). 3.73 (m. 
2H), 3.9 (d, 2H). 4.07 (m. 2H). 4.12 (m. 2H), 4.16 (m. 2H). 
4.3 (m. 2H). 4.5 (m, 2H). 4.64 (m. 2H). 4.7 (s, 2H), 6.0 (s. 
2H). 6.26 (d. 2H). 6.6 (s. 2H). 7.1 (s. 2H). 7.25 (s. 2H). 
7.54 (t, IH). 7.93 (d. 2H). 8.25 (s. IH); MS (FAB*^) mass 
calcd for C158H228N30O30C02P2 3208. found 3209 (M + H)+; 
IR (KBr. cm-0 3400. 3200, 2950, 2060. 1660. 1570. 1490. 
1060; UV (MeOH) A360 (e = 31 700). 

Conjugation of Cyanocobalamin Monocarboxylic 
Acid Diaminododecane with />Iodobenzoyl Ami- 
noisophthalate; Synthesis of 24-26. To a solution 
containing 0.30 g (0,192 mmol) of 5, 6. or 7 in 40 mL of 
a 3:1 mixture of DMF/H2O was added 18 of tri ethyl- 
amine. To that solution was added 68 mg (0.096 mmol) 
of 13 over a 5— 10 min period. The reaction mixture was 
stirred at rt for 4— 5 h and then evaporated to dryness. 
The solid residue was dissolved in 20 mL of a 4:1 MeOH/ 
H2O mixture and applied to a preparative reversed phase 
column (500 mm x 25 mm), which was eluted with the 



^ Obtaining exact mass values for molecules of > 3000 amu 
is difTicult, It is believed that the difference of 1 mass unit 
obtained is a reflection of the difficulty in assigning mass units 
to the spectrometer data, not an indication that the mass is 
different from that calculated for the desired compound. 



same solvent. The fractions containing the product were 
evaporated to dryness. 

b-AcidDimei (24): yield. 258 mg (70%); mp 285-290 
°C with decomposition; *H NMR (D2O) <5 0.43 (s. 6H), 1 .17 
(s, 8H), 1.22 (d, 13H). 1.29 (s. 45H), 1.36 (d. 22H). 1.44 
(s, lOH). 1.6 (m, 8H). 1.86 (s. 12H). 2.04 (m. lOH). 2.25 
(s, 12H), 2.36 (m. 8H). 2.55 (d, 20H), 2.83 (m. 8H). 3.15 
(m. 8H). 3.29 (s, lOH). 3.36 (m, 8H), 3.58 (m. 2H). 3.65 
(m. 2H). 3.75 (m, 2H). 3.9 (d. 2H). 4.06 (m, 2H), 4.12 (m. 
2H), 4.16 (m, 2H). 4.3 (m. 2H), 4.5 (m. 2H). 4.57 (s, 2H). 
4.65 (m. 2H), 6.0 (s. 2H), 6.26 (d. 2H). 6.5 (s. 2H). 7.1 (s, 
2H). 7.25 (s. 2H). 7.7 (d, 2H). 7.89 (d. 2H). 7.98 (s. IH). 
8.26 (s. 2H); MS (FAB+) mass calcd for Ci65H23203iN3t- 
C02P2I 3453. found 3453 (M)+; IR (KBr, cm'O 3400. 3200, 
2950. 2060. 1660. 1570, 1490, 1060; UV (MeOH) A3G0 (e 
= 41 500), 

d'AcidDimei (25): yield. 280 mg (76%); mp 230-233 
X with decomposition; 'H NMR (D2O) d 0.43 (s. 6H). 1.19 
(s. 8H). 1.3 (m, 36H). 1.37 (d. 12H), 1.46 (s. lOH). 1.63 
(m. 8H), 1,87 (s. 12H). 2.05 (m, lOH), 2.27 (d. 16H). 2.35 
(m. 8H). 2.6 (d. 18H). 2.8 (s. 8H). 3.0 (s. lOH). 3.15 (m, 
8H). 3.3 (d. 8H), 3.37 (m, 14H), 3.6 (m, 2H). 3.68 (d. 2H). 
3.76 (m, 2H). 3.9 (d. 2H). 4.07 (m. 2H), 4.12 (m. 2H), 4.18 
(m. 2H), 4.3 (m, 2H), 4.5 (m, 2H), 4.64 (m, 4H). 6.0 (s. 
2H), 6.26 (d, 2H). 6.6 (s. 2H). 7.1 (s, 2H). 7.25 (s. 2H). 7.7 
(d. 2H), 7.9 (d, 2H), 7.99 (d. IH). 8.28 (s, 2H); MS (FAB+) 
mass calcd for C165H232O31N31C02P2I 3453. found 3453 
(M)+; IR (KBr. cm-») 3400, 3200. 2950, 2060. 1660. 1570, 
1490. 1060; UV (MeOH) A360.6 (e = 48 900). 

e-AcidDimei (26): yield, 265 mg (72%); mp 253-255 
X with decomposition; *HNMR (D2O) d 0.43 (s. 6H), 1.16 
(s. 8H). 1.22 (d, 12H). 1.33 (m. 36H), 1.43 (s, lOH), 1.53 
(m. 6H), 1.6 (m, 8H), 1.86 (s. 12H). 2.03 (m. 8H). 2.25 (d. 
12H). 2.33 (m. 8H). 2.54 (d. 20H), 2.8 (s, 4H), 3.0 (s, 4H), 
3.28 (s, lOH). 3.35 (m. 8H). 3.58 (m, 2H). 3.65 (m. 2H), 
3.73 (m. 2H), 3.88 (d, 2H). 4.05 (m, 2H), 4.1 (m. 2F0, 4.17 
(m. 2H). 4.3 (m, 2H). 4,5 (m, 2H). 4.57 (s, 2H). 4.63 (m, 
2H), 6.0 (s, 2H), 6.26 (d, 2H). 6.5 (s. 2H), 7.1 (s. 2H). 7.25 
(s, 2H). 7.7 (d. 2H). 7.89 (d, 2H), 7.98 (s, IH). 8.26 (s. 
2H); MS (FAB+) mass calcd for Ci65H23203iN3)Co2P2l 
3453. found 3452 {M)^; IR (KBr, crn'O 3400. 3200. 2950. 
2060. 1660, 1570, 1490. 1060; UV (MeOH) Aseo (e = 
48 200). 

Conjugation of Cyanocobalamin Monocarboxylic 
Acid Diaminododecane with /^(T^i-/3-butyistannyl)- 
benzoyl Aminoisophthalate; Synthesis of 27—29. To 
a solution containing 0.10 g (0.065 mmol) of 5, 6. or 7 in 
40 mL of a 3:1 mixture of DMF/H2O was added 6 fxL of 
triethylamine. To that solution was added 28 mg (0.033 
mmol) of 14 over a 5—10 min period. The reaction 
mixture was stirred at rt for 12—14 h and then evapo- 
rated to dryness. The residue was washed with 1 00 mL 
of acetone, and the solvent was decanted. 

b'AcidDimei (27): yield. 93 mg (72%); mp >300 X: 
•H NMR (D2O) d 0.43 (s, 6H. C-20 CH3). 0.88 (t. 9H). 1.12 
(t, 12H). 1.17 (d, 8H), 1.22 (d, 13H). 1.29 (s, 45H), 1.36 
(d. 22H). 1.44 (s, lOH), 1.6 (m. 8H). 1.87 (d, 12H). 2.04 
(m, lOH). 2.25 (s, 12H). 2.36 (m. 8H). 2.55 (d. 20H), 2.8 
(m, 8H). 3.15 (m. 8H). 3.29 (s. lOH), 3.36 (m. 14H). 3.6 
(m, 4H). 3,73 (m, 2H), 3,9 (d, 2H), 4.07 (m. 2H), 4.12 (m, 
2H). 4.16 (m, 2H). 4.3 (m, 2H). 4.5 (m. 2H), 4.66 (m, 2H). 
6.0 (s, 2H). 6.26 (d. 2H). 6.6 (s. 2H). 7.1 (s, 2H). 7.25 (s. 
2H), 7.6 (d. 2H). 7.9 (d, 2H), 7.98 (br s. IH), 8.28 (br s. 
2H); IR (KBr. cm"*) 3400, 3200, 2950. 2060. 1660, 1570. 
1490. 1060; UV (MeOH) A360 (e = 59 300) 

d-Acid Dimei (28): yield, 90 mg (70%); mp 208-212 
X with decomposition; ^H NMR (D2O) 6 0.43 (s. 6H). 0.88 
(t, 9H). 1.15 (t, 12H), 1,19 (s. 8H). 1.3 (m, 36H). 1.37 (d. 
12H). 1.46 (s, lOH), 1.6 (m. 8H), 1.9 (s. 12H), 2.05 (m. 
lOH), 2.28 (d. 16H). 2.35 (m. 8H). 2.6 (d. 18H). 2.8-2.9 
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(m, 16H), 3.15 K 8H), 3.3 (s, 8H), 3.37 (m, 14H), 3.6 
(m, 4H), 3.76 (m. 2H), 3.9 (d, 2H). 4,07 (m. 2H). 4.12 (m. 
2H), 4.18 K 2H), 4.3 (m. 2H), 4.5 (m. 2H). 4.68 (m. 2H). 

6.0 (s, 2H), 6.26 (d, 2H), 6.6 (s, 2H), 7.1 (s, 2H). 7.25 (d, 
2H). 7,6 (d, 2H). 7.9 (d, 2H), 7.99 (br s, IH), 8.28 (br s. 
2H); IR (KBr, cm"*) 3400, 3200, 2950, 2060, 1660, 1570, 
1490, 1060; UV (MeOH) Xzeo (e = 47 700). 

e-AcidDimei (29): yield. 100 mg (78%); mp 202-205 
''C with decomposition; »H NMR (D2O) 6 0.43 (s. 6H), 0.88 
(t,9H), 1.12 (t, 12H). 1.15 (s. 8H), 1.29 (m, 36H), 1.35 (d. 
12H), 1.44 (s, lOH), 1.53 (m, 6H), 1.6 (m. 8H), 1.86 (d, 
12H), 2.03 (m, 8H), 2.25 (d. 12H). 2.33 (m, 8H), 2.54 (d. 
20H). 2.8 (m, 8H), 3.13 (m. 8H), 3.28 (s, lOH), 3.35 (m, 
lOH), 3.6 (m, 4H), 3.73 (m, 2H), 3.9 (d, 2H), 4.05 (m, 2H), 

4.1 (m, 2H). 4.17 (m. 2H), 4.3 (m, 2H), 4.5 (m. 2H). 4.6 
(m, 2H). 6,0 (s, 2H), 6.26 (d, 2H), 6.6 (s, 2H), 7,1 (s. 2H), 
7.25 (s, 2H), 7.6 (d. 2H), 7.9 (d, 2H), 7.98 (brs. IH). 8.28 
(br s, 2H); IR (KBr. cm-i) 3400, 3200, 2950, 2060, 1660, 
1570, 1490, 1060; UV (MeOH) A360 (e = 41 900). 

Conjugation of Cyanocobalamin Monocarboxylic 
Acid Diaminododecane with Biotin-Aminocaproate 
Aminoisophthalate; Synthesis of 30 and 31. To a 
solution of containing 0.20 g (0.13 mmol) of 5, 6, or 7 in 
40 mL of a 3:1 mixture of DMF/H2O was added 12 /<L of 
tr ie thy 1 amine. To that solution was added 50 mg (0.065 
mmol) of 20 over a 5-10 min period. The reaction 
mixture was stirred at rt for 3 h and then was evaporated 
to dryness. The residue was washed with 100 mL of 
acetone, and the solvent was decanted. 

b-AcidDimei (30): yield, 124 mg (62%); mp 195-198 
X with decomposition; NMR (MeOH-c/4) d 0.43 (s. 
6H), 1.17 (s, 8H), 1.3 (m, 20H), 1.35 (m, 22H), 1.46 (s, 
lOH), 1.6 (m. 8H). 1.8 (m, 6H), 1.87 (m. lOH), 2.0 (m, 4H), 
2.17 (s, lOH), 2,25 (s, 12H), 2.57 (d, 16H), 3.16 (m, 9H), 
3.29 (s, 8H), 3.37 (m, 6H), 3.6 (m, 4H), 3,76 (m. 2H), 3.9 
(d, 2H), 4.07 (m, 4H), 4.16 (m, 2H), 4,28 (m, 4H). 4.5 (m, 
4H),4.7 (m, 2H), 6.04 (s, 2H), 6.26 (d, 2H), 6.5 (s, 2H), 
7.1 (s. 2H), 7.2 (s, 2H), 7,9 (d, IH), 8.1 (s, 2H); MS (FAB+) 
mass calcd for C174H254N34O33C02P2S 3562, found 3561 
(M)2; IR (KBr, cm'^) 3400. 3200, 2950, 2060, 1660, 1570, 
1490, 1060; UV (MeOH) ;i36o (e = 38 700). 

e-AcidDimei (31): yield, 100 mg (50%); mp > 300 °C; 
iH NMR (MeOH-£y4) d 0.43 (s, 6H), 1.17 (s, 8H), 1.3 (m, 
20H), 1.35 (m, 22H), 1.43 (s, lOH), 1.53 (m, 8H), 1.7 (m, 
6H), 1,87 (m, 6H). 2.0 (m, 4H), 2.13 (s, lOH), 2.25 (d, lOH), 
2.52 (d, 16H), 3.16 (m, 6H), 3.29 (s, lOH), 3.37 (m, 6H), 
3.6 (m, 4H), 3.73 (m, 2H), 3.9 (d. 2H), 4.07 (m, 4H), 4.16 
(m, 2H), 4.26 (m. 4H), 4.5 (m, 4H),4.64 (m, 2H), 6.04 (s, 
2H), 6.26 (d, 2H). 6.6 (s, 2H), 7.1 (s, 2H), 7.23 (s, 2H). 7.9 
(d, IH), 8.1 (s, 2H); MS (FAB+) mass calcd for Cnr 
H254N34O33C02P2S 3562, found 3562 (M)+; IR (KBr, cm'^) 
3400, 3200, 2950, 2060, 1660. 1570, 1490, 1060; UV 
(MeOH) A36o(€ = 40 000). 

Conjugation of Cyanocobalamin Monocarboxylic 
Acid-Trioxadiamine witti Isophthaloyl Dichloride; 
Synthesis of 32. To a solution containing 300 mg (0. 1 93 
mmol) of 8 in 20 mL of DMF was added 30 fiL of 
trietliylamine. To that solution was added 19.5 mg (0.096 
mmol) of isophthaloyl dichloride over a 10— 15 min period. 
The reaction mixture was stirred at rt for 4—5 days, and 
30 fiL of triethylamine was added after each 24 h period. 
After evaporating to dryness, the solid was dissolved in 
20 mL of a 1:1 methanol/H20 mixture and was applied 
to a preparative reversed phase column (25 mm x 500 
mm), which was eluted with the same solvent. The 
fractions containing the final product were evaporated 
to dryness. 

b-AcidDimei (32): yield, 100 mg (32%); mp 195-198 
X with decomposition; *H NMR (MeOH-c/4) 6 0,44 (s, 
6H), 1.18 (s, 6H), 1.25 (d. 7H), 1.31 (t, 20H). 1.36 (s, 14H), 
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1.45 (s. 81^, 1.74 (m. 20H). 1.88 (d. 15H), 2.27 (s, IIH). 
2.37 (m, 22H). 2.56 (d. 20H). 2.85 (s, 5H). 2.99 (s. 2H). 

3.2 (m, 18H). 3.3 (m, 12H). 3.4 (m. lOH). 3.5 (s. 14H). 
3.58 (s, 18H), 3,6 (s. 30H). 3.9 (d. 4H), 4.0 (d. 2H). 4.1 (d. 
2H), 4,18 (d, 2H), 4.3 (m, 2H), 4.5 (m. 2H), 4.7 (m. 2H). 
6.0 (s, 2H), 6.28 (s. 2H), 6.56 (s, 2H), 7.1 (s, 2H). 7.25 (s. 
2H), 7.56 (m. IH), 7.8 (d, 2H), 8.3 (s, IH); MS (FAB+) 
mass calcd for C154H220N30O3SC02P2 3245, found 3245 
(M)+; IR (KBr, cm'O 3400, 3200, 2950, 2060, 1660, 1570. 
1490, 1060; UV (H2O) A361 (e = 33 900). 

Conjugation of Cyanocobalamin Monocarboxylic 
Acid-Trioxadiamine with DiTFP Ester of Biotin- 
Aminocaproate Aminoisophthalate; Synthesis of 33 
and 34. To a solution containing 300 mg (0.193 mmol) 
8 or 10 in 15 mL of DMF was added 30 fih of triethyl- 
amine. To that solution was added 79 mg (97 mmol) of 
20 over a 5— 10 min period. The reaction mixture was 
stirred at rt for 3—4 days (HPLC monitored), adding 30 
fiL of triethylamine after each 24 h period. The reaction 
mixture was then evaporated to dryness. The solid 
residue was dissolved in 20 mL of a 1:1 methanol/HzO 
mixture and applied to a preparative reversed phase 
column (25 mm x 500 mm), which was eluted with the 
same solvent. The fractions containing the product were 
evaporated to dryness. 

b'AcidDimei (33): yield, 160 mg (53%); mp 192-195 
X with decomposition; ^H NMR (MeOH-cW d 0.43 (s, 
6H), 1.17 (s, 6H), 1.24 (d, 8H), 1.36 (d. 16H), 1.44 (s, 6H), 
1.73 (m. 20H). 1.87 (m. 12H), 2.26 (s, lOH), 2.4 (m, 14H), 
2.55 (m, 18H). 3.17-3.3 (m. 30H), 3.6 (m, 40H), 3.73 (m, 
2H), 3.9 (m, 2H), 4.06 (m. 2H), 4.1 (m, 2H), 4.17 (d, 2H). 

4.3 (m, 4H), 4.47 (m, 4H), 4.6 (m, 2H), 4.66 (m, 2H),6.03 
(s, 2H), 6.27 (s, 2H), 6.55 (s, 2H), 7.12 (s. 2H), 7.25 (s. 
2H), 7.9 (s, IH), 8.16 (s, 2H); MS (FAB+) mass calcd for 
Ci7oH246N34039Co2P2S 3602, found 3602 (M)+; IR (KBr. 
cm-0 3400, 3200. 2950, 2060, 1660, 1570, 1490, 1060; 
UV (H2O) A360 (e = 35 300). 

e-AcidDimei (34): yield, 120 mg (40%); mp 235-239 
"C with decomposition; ^H NMR (MeOH-c/4) d 0.43 (s, 
6H), 1.17 (d, 6H), 1.24 (d, 8H), 1.36 (d, 16H), 1.43 (s, 6H), 
1.73 (m, 20H), 1.87 (m, 12H), 2.26 (d. lOH). 2.35 (m. 14H). 
2.55 (m. 18H), 3.17-3.3 (m, 30H), 3.6 (m, 40H), 3,73 (m, 
2H), 3.88 (m, 2H), 4.07 (m, 2H), 4.1 (m, 2H), 4.18 (d, 2H), 
4.3 (m, 4H), 4.47 (m, 4H). 4.57 (m, 2H), 4.65 (m, 2H),6.03 
(s, 2H), 6.27 (s, 2H), 6.56 (s, 2H), 7.11 (s. 2H), 7.25 (s, 
2H), 7.9 (s, IH), 8.16 (s, 2H); MS (FAB*^) mass calcd for 
C170H246N34O39C02P2S 3602, found 3603 (M + H)+; IR 
(KBr. cm-0 3400, 3200, 2950, 2060, 1660, 1570, 1490, 
1060; UV (H2O) A360 (e = 31 400). 

Binding of Cobalamin Derivatives viith rhTCII. 
Recombinant human transcobalamin II (rhTCII) was 
prepared as previously reported [22), Stock solutions of 
Cbl derivatives were prepared by dissolving 2 mg in 100- 
200 fxL of DMSO, followed by dilution to 1.0 mL with 
H2O. Quantification of the Cbl derivatives was ac- 
complished by UV, based on the measured extinction 
coefficients at 360 nm (data provided with individual 
compounds). Thus, a 20 jxh ciliquot of the stock Cbl 
solution was diluted to 1 mL with H2O. and the absor- 
bance at 360 nm was measured. An aliquot of the 
original solution was diluted to obtain a 1 ^M solution, 
which was further diluted to 0.1 //M for use in the assay. 

rhTCII was partially purified on a cation exchange 
column as previously described [23). The rhTCII was 
diluted in PBS containing 0.025% HSA to bind ap- 
proximately 10 pmol of CN-Cbl (l)/mL. Aliquots of 100 
fiL of the rhTCII solution were added to tubes containing 
0.01 pmol of ["Col-1 and 0.1-30 pmol of unmodified 1 
or Cbl derivatives 2-18. The solution volume in each 
tube was adjusted to 1 .0 mL with PBS. and the samples 
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Table 1. Binding of Cbl Dimers with rhTCH Relative to 
CN-Cbl, 1 



cobalamin 50% binding inhibition % relative 

(compound no.) for [^^Co] CN-Cbl^ rhTCII binding 



1 


1 


100 


21 


ill 


0.9 


22 


284 


0.35 


23 


5 


20 


24 


52 


1.9 


25 


6 


16 


26 


1.8 


56 


30 


26 


3.8 


31 


4.5 


22 


32 


23 


4.3 


33 


23 


4.3 


34 


1.8 


56 



^ The binding inhibition quantity is that amount (pmol) of Cbl 
derivative required to inhibit by 50% the binding of 0.01 pmol of 
[S^Co] CN-Cbl and was obtained by dividing 100 by the 50% binding 
inhibition quantity. 

were incubated at rt for 1 h. The protein-bound [^^Co]-l 
was then separated from free l^^Co]-l by adsorption to 
hemoglobin-coated charcoal {24) . The amount of radio- 
activity in each fraction was determined in a gamma 
counter. The decrease in binding of [^^Co]-l in the 
presence of various amounts of a Cbl derivative was 
calculated and graphed (Figure 2) . The quantities of each 
derivative required to inhibit the binding of ("Co] CN- 
Cbl to rhTCII by 50% was determined, and the apparent 
affinities of the compounds relative to CN-Cbl were 
calculated (Table 1). 

RESULTS AND DISCUSSION 

There are only a few reported examples of the prepara- 
tion of Cbl dimers. In one example, it is proposed that 
Co— S— S— Co Cbl dimers are prepared from reaction with 
hydrosulfide ion {26). More recently, cobalt oligometh- 
ylene bridged dimers [Co— (CH2)/3— Co, where n = 4—6] 
have been prepared as potential "latent alkanediyl 
diradicals" {26). Since our ultimate goal is to obtain Cbl 
derivatives that could be used as therapeutic pharma- 
ceuticals, the light sensitivity and instability of previously 
described cobalt-linked dimers made them unsuitable. 
Therefore, we directed our efforts to the synthesis of novel 
new Cbl dimers that are designed to be stable to 
degradation. The synthetic approach chosen for prepara- 
tion of stable Cbl dimers was to employ a di- or trifunc- 
tional cross-linking reagent that could couple two Cbl 
corrin ring carboxylates through linking moieties, as 
depicted in Figure 1. While bioactive Cbl dimers may 
be obtained with a difunctional cross-linking reagent, the 
desire to incorporate other functionalities into the dimers 
led us to consider a trifunctional reagent. This cross- 
linking arrangement allows for attachment of other 
chemical moieties with specific biological properties 
without having to make a second attachment on the Cbl 
moiety. Since we were interested in the possibility of 
binding two TCII molecules to the same Cbl dimer, the 
distance between the two Cbl moieties was considered 
to be critical for formation of such a complex. The linker 
molecules employed have 14—15 atoms in the chain, and 
linking of two of these with the isophthalic acid cross- 
linking moiety provides a 41-42 A (fully extended) 
distance between the Cbls. This distance was thought 
to be adequate to bind two TCII molecules. 

Synthesis of Cobalamin Dimers and Precursor 
Molecules. Our approach to preparing the Cbl dimers 
was to synthesize the diamino-1 inker adduct of Cbl 
carboxylates first and then couple the two adducts with 
the cross-linking reagent. This approach was chosen 



because the Cbl diamino-linker adducts had been previ- 
ously prepared for related studies {J 2, IS). The initial 
dimeric Cbls synthesized (Chart 2) incorporated diami- 
nododecane adducts 5-7 (Chart 1) with isophthalate 
cross-linking moieties. The alkylamino derivatives 5, 6, 
and 7 were prepared by conjugation of the Cbl-carboxy- 
lates 2, 3, or 4 with diaminododecane using the water 
soluble carbodiimide, EDC,^ in DMF. The carboxylates 
were prepared from mild acid hydrolysis of CN-Cbl, 1, 
followed by careful separation of the isomers on a 
preparative LC system employing an am inopropyl -silica 
column {l2j. Synthesis of the isomeric Cbl dimers 21— 
23 was accomplished by reacting one of the diaminodode- 
cane adducts, 5, 6, or 7, with isophthaloyl dichloride. All 
three isomeric derivatives (e.g. b, d, and e) were prepared 
to compare the TCII binding of dimeric molecules with 
their monomeric counterparts. 

Radioiodination of Cbl dimers was initiated to evaluate 
the biological properties of these compounds. We have 
previously shown that, while direct radioiodination of Cbl 
does not yield the desired product, radioiodination of Cbls 
could be accomplished by conjugation with arylstahnane 
moieties {IS). In general, incorporation of high specific 
activity radioiodine into a benzoyl moiety is readily 
achieved from the corresponding trialkylstannyl benzoate 
intermediates {18), One approach to obtaining radioio- 
dinated dimers was to prepare them from stannylbenzoyl 
adducts of amino isophthalate cross-linked Cbls. Thus, 
/?-(tri-/3-butylstannyl) benzoyl -containing isophthaloyl 
dimers 27—29 were prepared to be used for incorporation 
of radioiodine into the dimers, and />-iodobenzoyl -contain- 
ing isophthaloyl dimers 24—26 were prepared as iHPLC 
standards for radioiodinated Cbl derivatives. 

Prior to the synthesis of the Cbl dimers 24-29, the 
requisite activated isophthaloyl derivatives had to be 
prepared. The synthesis of ditetrafiuorophenyl (TFP) 
esters of the iodobenzoyl and stannylbenzoyl adducts of 
5 -ami no isophthalic acid, 13 and 14, is shown in Scheme 
1. Conjugation of />-iodobenzoyl chloride with 5-ami- 
noisophthalic acid gave a nearly quantitative yield of the 
crude adduct, 12. Preparation of the di-TFP ester 13 was 
accomplished in 43% yield by reacting 12 with DCC and 
TFP-OH in ethyl acetate. Conversion of the aryl iodide, 
13, into the aryl stannane, 14, was accomplished in 62% 
yield using bis(tributyltin) and palladium catalyst. 

Biotinylated Cbl dimers were of interest as reagents 
for analytical studies. Therefore, Cbl dimers 30 and 31 
were prepared. Rather than preparing all three isomeric 
biotinylated derivatives, only the Cbls containing b- and 
e-propionic acid side chains (2 and 4) were employed for 
cross-linking reactions. Indeed, we were primarily in- 
terested in the e-isomer of the biotinylated dimer as it 
was expected to have the highest binding with TCII, but 
since the Cbl ^carboxylate was available in small quan- 
tities, initial development of cross-linking reaction condi- 
tions was conducted with the more abundant £^-carbox- 
ylate, 2. Prior to cross-linking the aminoalkyl-Cbls 5 or 
7, a carboxylate activated-biotinylated aminoisophthalic 
acid derivative, 20, had to be prepared. Although N- 
hydroxysuccinimido ester of biotin-aminocaproate was 
commercially available,'' the high cost of this reagent led 
us to synthesize the corresponding TFP ester, 18 (Scheme 
2) . Reaction of 18 with 5-aminoisophthalic acid provided 



^ EDO is also referred to as EDAC (Sigma Chemical Co., St. 
Louis, MO); l-ethyl-3-[3-(dimethylamino)propylIcarbodiimide- 

^ For example: sulfosuccinimido-6-(biotinamido)hexanoate is 
available from Pierce (Rockford, IL) as NHS-LC-Biotin, and 
biotinaniidocaproate AAhydroxysuccinimide ester is available 
from Sigma Chemical Co, (St. Louis, MO). 
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Figure 1. General schematic representation of CN-Cbl dimers. The dimers contain two Cbl moieties, two linking moieties, a cross- 
linking moiety, and, where desired, an appended group. This example depicts corrin ring £?-propionamide attachment. 



Chart 1. Structures of Cyanocobalamin Diamino 
Spacer Adducts 




1 

2 
3 
4 
5 
6 
7 
8 
9 
10 



HOCHj H 



R, =NH,; RjsNHi; Rj = NHj 

R, =0H; R, = NH,; It, = Nil, 

R, = Na; Ri = OH; K^-^m^ 

R, = NHj; R2 = NHj; R^^OH 

R, = HN(CH2),jNH,; Rj = NHi; Rj^NH, 

R, = NHj; R2 = HN(CHj),^; R^^NHj 

R, = NHj; R^ = NHj; R, = HN(CH^),jNH, 

R, = HN(CHj3(OCHjCHj)jO(CHj)3NH2; Rj = NH^; R, = NHj 

R, = NHj; R^ = HN(CHj)3(CXM,CHj)jO(CHj)3NHj; R, = NH, 

R, = NHj; Ri=NHj; R, = HN(CHj),(OCH3CH2)jO(CH2)3NHi 



19 in 65% yield, and further conversion to 20 using the 
trans esteriflcation reagent tetrafluorophenyl trlfluoro- 
acetate (TFP-OCOCF3) {21} was accomplished in 86% 
yield. 

It became apparent after the synthesis of Cbl dimers 
21-31 that they had limited water solubility. Fortu- 
nately, very low concentrations of Cbls are required to 
obtain biological data with these compounds, permitting 
I'n vitro evaluations to be conducted. However, the 
increased lipophilicity of the compounds was considered 
to be a potential problem with nonspecific binding and 



Chart 2. Cyanocobalamin Dimers Synthesized'* 



21 / = &-; X = H 

22 / = X = H 

23 i«tf-; X = H 

24 i = fr-; X = NH-/»-iodobenzo»te 

25 i = d-; X = NH-p-iodobcnzoate 

26 i = X = NH-/f-iodobenzo&te 

27 i = b-; X = NH-p-tri-B-butylstannyIbcnioa» 

28 I o d-: X = NH-p-tri-n-hutylstannylbenzoate 

29 i=e-: X = NH-/f-iri-«-butylstannylbenzoate 

30 i = X =NH-aniinocaproylbiotin 

31 i =e-; X % NM-aminocaproylbtotin 



i-Cbl 




32 i = t-;X = H 

33 (=(>-; X = NH-amJnocaproy|biotin 

34 I = e-; X = NH-aiuiiiocapioylbtutiti 



SlnKtires whera X - NH-p'ioclobenzoate (IbR) 
and X > MH-p-tri-n-butylstanr^anzoata (right) 




^ ACbl are isomers of Cbl carboxylates 2 (th) , 3 {d~) , or 4 (e-) . 

could ultimately make formulation of a pharmaceutical 
more difficult. Therefore, a method of water solubiliza- 
tion for the dimers was sought. The favored approach 
to solving this problem was to incorporate a more water 
soluble linking moiety. Thus, commercially available 
4,7,10-trioxa-l ,13-tridecanediamine was conjugated with 
two isomeric Cbl carboxylates, 2 and 4, to yield Cbl 
adducts 8 and 10. This linking arm is nearly the same 
length as the diaminododedane linker, resulting in 
distances between Cbl carboxylates of 41 .6 A for 23 (and 
related compounds) and 42.6 A for 32 (and related 
compounds). The reason for preparing only the th and 
e-isomers was based on availability of carboxylates as 
described previously. Conjugation of 8 with isophthaloyl 
dichloride provided Cbl dimer, 32. Importantly, that 
compound was more soluble in water than its diamin- 
ododecane counterpart. Due to the anticipated increased 
water solubility of the simple isophthalate cross-linked 
molecules, the biotin dimers 33 and 34 were synthesized. 
The biotinylated Cbl dimers 33 and 34 were synthesized 
in 40—53% yield from the reaction of 8 or 10 with the 




SnBuj 
14 

^ 1 N NaOH/iodobenzoyl chloride/0 X. * TFP-OH/DCC/3 days. '^Bu3Sn2/(Ph3P)4Pd(0)/toluene/80 "C. 



aminoisophthalate di-TFP ester 20. Again, the resulting 
Cbl dimers were found to be more soluble in aqueous 
medium than their diaminododecane counterparts, 30 
and 31. 

lodination Reactions. lodination and radioiodina- 
tion of Cbl derivatives containing arylstannanes must be 
conducted under (near) neutral conditions or a side 
reaction for the formation of c-lactone can predominate 
(IS). Attempts at iodination of HPLC purified stannyl 
derivatives 27—29 in MeOH using Nal and AAchlorosuc- 
cinimide (NCS)^ over a 30 min period resulted in no 
change in the starting material. Attempts at iodination 
using Nal/NCS in 5% HOAc/MeOH also did not alter the 
starting material. Because there was a concern that the 
iodide ion was somehow being inactivated toward oxida- 
tion with NCS (e.g. being bonded to the Co in the corrin 
ring), ICl was investigated as the iodination reagent. 
Attempts to iodinate 29 with ICl in MeOH over a 30 min 
period also failed to change the starting material; how- 
ever, reaction of ICl in 5% HOAc/MeOH resulted in 
conversion to another compound. Unfortunately, the new 
compound was not the desired iodinated product as its 
HPLC retention time was not the same as that of 26. 
Although the data obtained were insufficient to deter- 
mine the nature of the new compound, it seems likely 
that it is the c-Iactone derivative of 26. An evaluation 
of the radioiodination of 29 also did not provide the 
desired compound. 

The lack of conversion of the arylstannanes (27-29) 
to aryliodides (24—26) was surprising. Under the reac- 



These reagents were used because the conditions mimic the 
radioiodination reaction conditions where NCS oxidizes Na[*I]T 
to an electrophilic species Jn situ. 



tion conditions employed, no previous iodinations of 
arylstannyl-derivatized compounds have failed to affect 
rapid (generally <1 min) and nearly quantitative sub- 
stitution of the stannyl group. This failure to react with 
electrophilic iodine could be due to unique nature of the 
Cbls synthesized. The mass spectral data and chemical 
shifts of butyl and aryl protons in the NMR spectra 
indicated that the arylstannane is present in the dimer. 
However, the HPLC retention time of the arylstannane 
derivatives 27—29 was not as expected. Generally on 
reversed phase HPLC, aryltri-/3-butylstannyl derivatives 
are retained much longer than the corresponding aryl- 
iodide derivatives. This was not the case with compounds 
27-29, as they had shorter retention times (8.6-9.0 min) 
than the corresponding aryliodides 24—26 (14.1 — 14.2 
min). Since the spectral data suggest that the com- 
pounds are as depicted in Table 2, it is very difficult to 
understand how this increased polarity is obtained in the 
arylstannyl Cbl dimers. We can only hypothesize that 
the lipophilic linker arms and the lipophilic arylstannane 
are somehow compressed between the more hydrophilic 
Cbl moieties, perhaps causing a shift in the benzimid- 
azole rings or other portion of the molecule, making it 
more hydrophilic. It is anticipated that we will be able 
to obtain more information on the structures through a 
crystcd structure determination of the aryliodo derivative 
26. An attempt to obtain the crystal structure of 26 is 
underway. 

Competitive Binding with TCII. Cbl dimers were 
evaluated for their binding to rhTCII in a competitive 
assay that measures the binding relative to CN-Cbl {12). 
The assay employed partially purified rhTCII as the 
binding protein, and high specific activity (e.g. 200 piC'iJ 
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Scheme 2. Synthesis of Isophthalate DiTFP Ester Containing Amino caproy lb io tin Substituent 
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P^Co]CN-Cbl as the tracer. The assay measures the 
decrease in the binding of pCo]CN-Cbl in the presence 
of increasing concentrations of a Cbl dimer. The com- 
petitive binding curves for Cbl dimers are shown in 
Figure 2. The binding curves for the four isophthalate 
cross-linked dimers. 21-23 and 32. relative to CN-Cbl. 
1, are shown in Figure 2 A. The data show that the 
e- isomer. 23. binds more avidly than the ^^-isomer. 21. 
or the c/- isomer, 22. It is interesting to note that the 
compounds of 21-23 appear to bind less avidly than the 
corresponding monomeric Cbls 5—7. previously tested 
{J2j, The differences observed could be due to the 
decreased water solubility of the dimers compared to the 
monomers. Indeed, water solubility appears to affect Cbl 
binding as the more water soluble trioxadiamine-linked 
Cbl-Z^dimer, 32. bound more avidly than the diamin- 
ododecane Cb^Z^dimer. 21, 

Evaluation of iodobenzoyl-containing Cbl dimers. 24- 
26, provided similar results to those observed for the 
other diaminododecane-containing dimers 21—23 (Figure 
2B). Again, only the e-isomer, 26, bound competitively 
with ["Co]-l. and its binding appeared to be reduced from 
that of the monomeric counterpart 7. Binding assays 
were not conducted on the stannylbenzoate-containing 
dimers 27—29 as these compounds were only to be used 
as intermediates to prepare (radio) iodinated derivatives 
24-26. 

The results obtained for the biotinylated derivatives 
30. 31. 33. and 34 are shown in Figure 2C. Binding of 
the water-solubilized b- and e-isomers, 33 and 34, to 



rhTCII is similar to the isomeric monomers 5 and 7. The 
e-isomer, 31, which contains the less water soluble 
diaminododecane linking moiety, does not bind as com- 
petitively as the corresponding more water soluble e- 
isomer. 34. Again, this difference may be due to the 
lower water solubility of 31. Relative binding data for 
the Cbl dimers are provided in Table 1 . From the data, 
the decrease in binding (from 100%) and the effect of 
various modifications in the Cbl dimers on binding can 
be readily assessed. It is interesting to note that 
substitution on the isophthalate moiety appears to have 
little effect on TCII binding, whereas there is a significant 
improvement in binding with the addition of the trioxa- 
diamine linker. 

One of the questions we attempted to address in this 
investigation was whether a Cbl dimer could bind two 
TCII protein molecules. On the basis of the data obtained 
from the competitive binding assay, it appears that under 
the assay conditions (e,g. excess Cbl), only one Cbl moiety 
in the dimers bound with rhTCIL However, unless large 
quantities (e.g. micrograms- milligrams) of a dimer were 
injected in patients, the amount of TCII should be in 
excess even when considering endogenous Cbls {8, 25). 
The results obtained in the competitive binding assay are 
not surprising as it seems likely that binding of a Cbl 
dimer with the one TCII molecule could occur at a rate 
similar to a monomer but that the second TCII molecule 
would have to combine with a Cbl that was highly 
sterically hindered from the side that had bound TCII. 
This would suggest that binding with a second TCII 
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Figure 2. Competitive binding curves for [^^Co]CN-Cbl, 1, and 
Cbl dimers 21-26 and 30-34 with rhTCII. To obtain the data, 
a quantity of rhTCII that would bind approximately 1 pmol of 
CN-Cbl was mixed with 0.01 pmol of pCo]-l and 0.01 -30 pmol 
of unmodified 1 or Cbl dimer. The mixture was diluted with 
PBS/ HSA and incubated at rt for 1 h. Free Cbl was adsorbed 
onto hemoglobin-coated charcoal, and the protein-bound radio- 
activity in the supernatant fraction was measured. The amount 
of protein-bound ^^Co versus the amount of Cbl derivative 
present is plotted in panels A-C. Panel A (top) compares the 
competitive binding of the isophthalate cross-linked Cbl dimers 
that employed diaminododecane linker (21, 22, 23) and trioxa- 
diamine linker (32) with CN-Cbl (1). Panel B (middle) compares 
the competitive binding of /^iodoben2oyl-5-aminoisophthalate 
cross-linked Cbl dimers (24, 25, 26) with 1, Panel C (bottom) 
compares the competitive binding of bio tin containing Cbl 
dimers that employed the diaminododecane linker (30, 31) and 
the trioxadiamine linker (33, 34) with 1, 

molecule might occur at a much slower rate. Determina- 
tion of whether the dimers described herein bind with 
two rhTCII molecules when the TCI I is in excess has 
proven to be difficult with partially purified rhTCII. 
Thus, future studies will be directed at obtaining radio- 
iodinated Cbl dimers to improve sensitivity of detecting 



Cbl/TCII complexes by electrophoresis and size exclusion 
HPLC. 

SUMMARY 

Fourteen isophthalate cross-linked Cbl dimers have 
been synthesized. To our knowledge, the reported com- 
pounds represent the first preparation of Cbl dimers that 
are coupled at a position other than at the Co atom. The 
Cbl dimers were prepared by cross-linking with carboxyl- 
ate-activated derivatives of isophthalic acid or derivatized 
aminoisophthalic acid. To provide a distance between 
the Cbl moieties such that two TCI I proteins might bind 
a Cbl dimer, linking molecules were incorporated be- 
tween the Cbl moieties and the isophthalic acid moieties. 
The linker first evaluated, 1,1 2 -diaminododecane, was 
found to decrease the water solubility of the Cbls 
considerably; therefore, a more water soluble linker, 4.7.- 
10-trioxa-l,13-tridecanediamine, was also evaluated. The 
trioxatridecanediamine improved the water solubility 
significantly. In the investigation, Cbl dimers were 
evaluated for their binding with rhTCII. Analysis of the 
binding data shows that most of the Cbl dimers bound 
less avidly to rhTCII than CN-Cbl. As expected, the Cbl 
e-carboxylate derived dimers bound most avidly of the 
three isomeric carboxylates studied. The more water 
soluble dimers bound rhTCII more avidly than their 
aliphatic counterparts, resulting in binding that was 
nearly equivalent to that of CN-Cbl for the e-carboxylate 
isomer. 

In this initial investigation, the Cbl dimers synthesized 
have provided basic information about their chemistry 
and binding to TCIl. Studies are planned to prepare 
additional water soluble Cbl dimers and to obtain radio- 
iodinated Cbl dimers. Once a radioiodinated Cbl dimer 
is obtained, the question of whether it can bind two TCII 
molecules will be assessed. It is anticipated that more 
highly derivatized Cbl dimers will be needed to be 
effective in Cbl/TCII cell surface receptor depletion, but 
all Cbl derivatives synthesized will be evaluated for 
potency as antiproliferative agents in in vitro assays. The 
data obtained from in vitro analyses will be reported 
elsewhere. 
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To study how much the side chains of the corrin ring of vitamin are involved in the physiological 
roles of the vitamin, five vitamin analogues (cyanocobalamin-6-monocarboxylate, cyanocobalamin-^- 
monocarboxylate, cyanocobalamin-e-monocarboxylate, cyano-13-epicobalamin, and cyanocobalamin(c- 
lactam)) with alternations in the side chains were synthesized chemically and then administered orally and 
intravenously to vitamin Bi2-<leficient rats. Male rats fed a vitamin Bi2~<lc^c^c>^t ^^^^ 11 wk developed 
a severe vitamin 8^2 deficiency with a high urinary methylmalonate excretion (223.8 ± 136.2 ^mol/d) and 
^97% (1.2±0.7ng/g tissue) lower hepatic vitamin 8^2 content. Oral and intravenous administration of 
cyanocobalamin-A-,-J-, and -^-monocarboxylates and cyano-13-epicobalamin could not improve the severe 
vitamin 8i2-<leficient status of the rats, indicating that the ^, and e-propionamide. side chains of the 
corrin ring of vitamin 8^2 important in the absorption, transport, and function of the vitamin in rats. 
Urinary methylmalonate excretion of the rats that were intravenously administered cyanocobalamin(c- 
lactam) increased twice as much as those of the other analogue-supplemented rats, suggesting that 
cyanocobalamin(c-lactam) act as a powerful Cbl-antagonist. The results also indicate that mammalian cells 
do not contain a system for synthesizing complete vitamin 8^2 from these analogues. 



The relationship between the structure of vitamin B12 
(Cbl) and its functions has been studied extensively in some 
Cbl-dependent enzymes and -binding proteins.^ The side 
chains of the corrin ring of Cbl have been reported to be 
essential for molecular recognition in the binding of Cbl to 
Cbl-dependent enzymes and Cbl-binding proteins.^"'*' 
Mammalian livers contain MeCbl-dependent methionine 
synthase (EC 2.1.1.13) involved in methionine biosynthesis 
and AdoCbl-dependent methylmalonyl-CoA mutase (EC 
5.4.99.2) involved in propionate oxidation.^* The 6-, d-, and 
^-propionamide side chains of the corrin ring have been 
reported to be important for the formation of the 
apomethionine synthase-Cbl complex.^* Although there is 
little information concerning corrinoid specificity of 
methylmalonyl-CoA mutase, the propionamide side chains 
of Cbl are assumed to be important in the binding of Cbl 
to the enzyme. 

Euglena gracilis z, a protozoan, has been reported to 
accumulate CN-Cbl(Z7-0H), {d-OH) and (^-OH) and to 
synthesize complete Cbl from the CN-Cbl acid derivatives,^* 
suggesting the occurrence of the enzyme involved m the 
conversion of each of the acid derivatives to CN-Cbl 
(CN-Cbl monocarboxylic acid amide synthase) in this 
organism. There is little information available on whether 
mammalian cells contain the complete Cbl synthetic system 
found in £. gracilis z and how much the side chains of 
Cbl are involved in physiological roles and nutritional ef- 
fects of Cbl in mammalian cells. 



In this paper, we describe the effects of Cbl analogues 
with differences in the side chains on Cbl-deficiency and 
also discuss the involvement of the side chains in the 
physiological roles of Cbl. 

Materials and Methods 

Animals and diets. Fifty-six male weanling Wistar rats (3 wk old, 40 ± 5 g), 
born to 20-wk-old parents fed a Cbl-deprived diet, were used in all the 
studies. Ten-wk-old parent rats were obtained from Clea Inc. (Tokyo, 
Japan). 

The Cbl-deprived diet was prepared as described previously^* and used 
in the experiments. The 3-wk-old weanling rats were housed in individual 
metabolic cages at 1A°C in a room with a 12-h light: dark cycle. They 
were fed the Cbl-depri?<^l diet ad libitum for 1 1 wk more and had free 
access to tap water. 

Preparation of Cbl analogues. CN-Cbl was obtained from Sigma Co., 
St. Louis, MO. CN-Cbl(*-OH), CN-Cbl(i/-OH), and CN-Cbl(e-OH) were 
prepared as described by Toraya et al*^ CN-Cb^c-lactam) was prepared 
by the method of Bennett et al."*^ These Cbl analogues were further purified 
by HPLC and their purity was checked as described previously. 

The revised structural assignments^"* ^* of the CN-Cbl(^-OH), 
CN-Cbl(t/-OH), and CN-Cbl(f-OH) were used in the experiments because 
the assignments of the acid derivatives used in the experiments before 1980 
were incorrect. 

Cbl analogue feeding experiments. The Cbl-deficient 14-wk-old rats were 
fed diets supplemented with CN-Cbl or its analogues (25/ig/kg diet) ad 
libitum, replacing the Cbl-deprived diet. The supplemented diet furnished 
each rat ^500ng Cbl/d, as calculated from the amount of the food 
consumed daily (^20g diet per day per rat). All rats had free access to 
water. Rats were fed for 5 wk. 



^ To whom correspondence should be addressed. 
Abbreviations: Cbl, vitamin B^j or cobalamin; CN-Cbl. cyanocobalamin; AdoCbl, 5'-deoxyadenosylcobalamin; CN-Cbl(/>-OH), cyanocobalamin-^- 
monocarboxylate; MeCbl, methylcobalamin; CN-Cbl{i/-OH), cyanocobalamin-^-monocarboxylate; CN-Cbl(e-OH), cyanocobalamin-^-monocarboxyl- 
ate: CN-Cbl(l3-epi), cyano- 1 3-epicobalamin; CN-Cbl(c-lactam), cyanocobalamin(c-lactam); MMA, methylmalonate, IF, intrinsic factor; TC, trans- 
cobalamin II. 
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In the case of intravenous feeding of the Cb! analogues, the Cbl-deficient 
rats were injected intravenously with 500 ng of each Cb! analogue every 
24h for 7d. 

Assays. Urinary MM A was assayed by the method of Giorgio and 
Plaul.'^' Extraction of Cbl from the liver homogenate was done with 
boiling with KCN at an acid pH.*^' Cbl was assayed with a commercially 
available Cbl-assay kit (radiodilution method using hog intrinsic factor. 
Corning Medical. Medfield, MA). 

Statistics. Statistical significance was analyzed using Student's Mest; 
p < 0.05 was considered significant. All values are presented as means ± SD. 

Results 

Cbl analogues with alternations in the side chains of the 
corrin ring were synthesized chemically to study the effects 
of the Cbl analogues on Cbl deficient status in rats. The 
structural formulae of Cbl and partial structures of the Cbl 
analogues used in this study are shown in Fig. 1. 



H2N0C 



|2| 




COOH Uf) 



I4| 



CH3 [5] 

C0NH2(t.) 



Body weights of the l4-wk-old Cbl-deficient rats were 
- 35% of those of the control rats, that ate a diet including 
500 ng of CN-Cbl per kg diet. The Cbl-deficient rats excreted 
223.8 ± 136.2 /imol MMA/d in urine and had -97% lower 
hepatic Cbl content (1.2±0.7ng/g tissue). These results 
indicate that the rats fed the Cbl-deprived diet in our 
experiments developed a severe Cbl deficiency. 

Figure 2 shows the effects of feeding the CN-Cbl 
analogue-supplemented (-500ng/d) diets on body weight 
in the 14-wk-old Cbl-deficient rats. The Cbl-deficient rats 
recovered -90% of the body weight of the control rats 
after 5wk of CN-Cbl supplementation, but all the Cbl 
analogues did not affect the weight of the deficient rats. 
Although urinary MM A excretion became undetectable 
(< 1 /imol MMA/d) 1 wk after the feeding of the CN-Cbl 
supplemented diet, the rats fed the CN-Cbl-analogue- 
supplemented diets continuously excreted substantial 
amounts of MMA (218.6± 1 l2.3/imol MMA/d) in urine 
(Fig- 3). 

Cbl content was assayed in the livers of the Cbl-deficient 
rats fed Cbl analogue-supplemented diets for 5wk (Table). 
The livers of CN-Cbl-supplemented rats (control) contain- 
ed substantial amounts of Cbl (72.4 ± 19.1 ng/g tissue). 
Although CN-Cbl(l 3-epi)-supplemented rats showed about 
80% of liver Cbl content relative to controls, liver Cbl 
contents of other Cbl analogue-supplemented rats were at 
levels similar to those of the Cbl-deficient rats. The results 
indicate that CN-Cbl(13-epi) is effectively absorbed and 



CHjOH 



Fig. 1. Structural Formulae of Cbl and Partial Structures of Cbl 
Analogues. 

The partial structures of analogues show only those portions of the molecule that 
diflTcr from CN-Cbi. 1, CN-Cbl(6-0H); 2, CN-Cbl(c- lactam); 3, CN-CbM-OH); 4, 
CN-Cbl(e'-OH); 5, CN-Cb!(13-epi). 
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Fig. 3. Effects of Feeding Cbl-analogue-supplemented Diets on Urinary 
MMA Excretion in the Cbl-deficient Rats. 

Urinary MMA excretion of the Cbl-deficient rats with CN-Cbl (--O---); 
CN-CbI(6-0H) (—0-); CN-CbUrf-OH) (-#-); CN-Cbl(e-OH) (-□-); 
CN-Cbl(c-lactam) (—■—); CN-Cbl( 1 3-epi) (~A-); and without CN-Cbl 
(--.0...) feeding. Data represent mean±SD; rt = 4 rats/group. 



Table Hepatic Cbl Concentration 
Analogue-supplemented Diets 



Cbl-deficient Rats Fed Cbl 



Compounds 



Hepatic Cbl concentration 
(ng/g tissue) 



Fig. 2. Effects of Feeding Cbl-analogue-supplemented Diets on Body 
Weight in the Cbl-deficient Rats. 

Body weight of the Cbl-deficieni rats with CN-Cbi (--O*--): CN-Cbt(6-0H) 
(_0— ); CN-Cbl(e/-OH) (—•—); CN-Cbl(e-OH) (—□—): CN-Cbl(c-lactam) 
); CN-Cbi(l3-epi) (—A—): and without CN-Cbl (---•---) feeding. Data 
represent mean±SD: n = 4 rats/group. 



Cbl-deficient rats 
CN-Cbl 

CN-Cbl (b-OH) 
CN-Cbl (ci-OH) 
• CN-Cbl (e-OH) 
CN-Cbl (1 3-epi) 
CN-Cbl (r-laciam) 



1.2±0.8 
72.4+19.1* 
3.7 + 2.9* 
1.2 + 0.3 
5.9 ±2.9* 
57.9 ±8.9* 
0.8 + 0.1 



Values are mean±SD: n = 4 rats/group, 
the Cbl-deficient rat group, p<0.05. 



♦Significantly different than 
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Fig. 4. Effects of Intravenous Feeding of Cbl-analogues on Urinary 
MM A Excretion in the Cbl-deficient Rats. 

Urinary MM A cxcreiion of the Cbl-dcficicni rats with CN-Cbl (—O---); CN- 
Cm-OH) (-0-): CN-Cbl(t/-OH) (-•-); CN-Cbl(^-OH) (-□-); CN-Cbl(c- 
y^ciam) (—■—): CN-Cbl(13-cpi) (—A—); and without CN-Cbl (--•---) feeding. 
Data represent mean ± SD; n = 4 rats/group. 

accumulated in the Cbl-deficient rats, .but it did not support 
an increase in growth of the Cbl analogue-supplemented 
rats (Fig. 2). 

Figure 4 shows the effects of intravenous feeding of Cbl 
analogues on MMA excretion in the Cbl-deficient rats. The 
l4-wk-old Cbl-deficient rats were injected with 500 ng of 
each of the Cbl analogues every 24 h for 7 d. Urinary MMA 
excretion became undetectable 4d after feeding CN-Cbl, 
but CN-Cbl(Z>-OH), CN-Cbl(^^-OH), CN-Cbl(e-OH), and 
CN-Cbl(13-epi) did not affect urinary MMA excretion in 
the Cbl-deficient rats, indicating that these CN-Cbl 
analogues can not improve the Cbl-deficient status of the 
rats. In the CN-Cbl(c-lactam)-supplemented rats, urinary 
MMA excretion increased to about twice as much as that 
in the Cbl-deficient rats after 7 d of feeding. The results 
indicate that CN-Cbl(c-lactam) has the ability to make the 
rats severe Cbl-deficient status worse. 

Discussion 

When the 14-wk-old Cbl-deficient rats were fed the CN- 
Cbl and CN-Cbl analogue-supplemented diets (-SOOng 
Cbl/d) for 5wk, the body weight of the CN-Cbl-supple- 
mented rats increased significantly, but those ,i6f all the 
Cbl analogue-supplemented rats did not at 'all (Fig. 2). 
Although urinary MMA excretion as an index of Cbl- 
deficiency became undetectable 1 wk after the feeding of the 
CN-Cbl-supplemented diet, all the Cbl analogue-stipple- 
mented rats continuously excreted substantial amounts of 
MMA in urine (Fig. 3). These results indicate that Cbl- 
deficiency of the rats are improved only by the feeding of 
CN-Cbl, but not by any other analogues. 

The b-, d-, and e-propionamide side chains of the corrin 
ring of Cbl have been reported to be important in the binding 
of Cbl to IF and TC,^* both of which are involved in the 
intestinal absorption and subsequent plasiYia transport of 
Cbl.^*** The order of the contribution of these propionam- 
ides for the binding of Cbl to IF and TC has been shown 
10 be d>b>e}^ IF and TC bind CN-Cbl(13-epi) with 
similar affinity for CN-Cbl, but not CN-Cbl(c-lactam).^' 
The corrinoid specificity of IF or TC suggests that a 



physiological amount of CN-Cbl(^-OH), CN-Cbl(f/.OH), 
CN-Cbl(e-OH), or CN-Cbl(r-lactam) is not absorbed into 
the body through the intestinal tract. The Table indicates 
that CN-Cbl( 1 3-epi) is effectively absorbed and accumulated 
in the Cbl-deficient rats. Since CN-Cbl(13-epi)-supple- 
mented rats continuously excreted substantial amount of 
MMA in urine, AdoCbl(l3-epi) would not function as 
a coenzyme of methylmalonyl-CoA mutase. It has been 
reported that CN-Cbl(l 3-epi) cannot stimulate Escherichia 
coli and E. gracilis z growth, and that AdoCbl(l 3-epi) 
is also inactive on AdoCbl-dependent dioldehydrase.^^* 

To bypass the process of the intestinal absorption of Cbl, 
the Cbl-deficient rats were injected intravenously with 500 ng 
of the Cbl analogues every 24 h for 5d. Urinary MMA 
excretion became undetectable 4d after the administra- 
tion of CN-Cbl or CN-Cbl(6-OH), but CN-Cbl(t/-OH), 
CN-Cbl(e-OH), and CN-Cbl(l 3-epi) did not affect urinary 
MMA excretion in the Cbl-deficient rats (Fig. 4). Euglena 
gracilis z has been reported to synthesize "complete Cbl" 
from the acid derivatives,''* but the results in Fig. 4 suggest 
that mammalian cells do not contain the complete Cbl 
synthetic system that was found in Euglena cells. 

In the rats administered CN-Cbl(c-lactam) intravenously 
for 7d, urinary MMA excretion increased about twice as 
much as those of other Cbl analogue-supplemented rats 
(Fig. 4), suggesting that CN-Cbl(c-lactam) can act as a 
powerful Cbl-antagonist, but CN-Cbl(f»-OH), CN-Cbl(rf- 
OH), CN-Cbl(e-OH), and CN-Cbl(l 3-epi) cannot. Rats 
treated with CN-Cbl(c-lactam) have been reported to 
develop decreased hepatic Cbl levels, and decreased 
activities of methylmalonyl-CoA mutase and methionine 
synthase.*®* The results (Fig. 4) that CN-Cbl(c-lactam) has 
the ability to make the rats worse in Cbl-deficient status 
supports the above observations; the CN-Cbl(c-lactam) 
treatment is one of the most useful methods for preparation 
of Cbl-deficient rats. 

Regarding the mechanism of development of Cbl- 
deficiency caused by the treatment with CN-Cbl(c-lactam), 
it has been reported that OH-Cbl(Z)-OH), OH-CbK^^-OH), 
OH-Cbl(e-OH), and OH-Cbl(c-lactam) are less effective 
ligands in the activation of apomethionine synthase than 
OH-Cbl, but thaf'are capable of fully activating the 
apoenzyme.^* The observations suggest that CN-Cbl(c- 
lactam)-induced Cbl-deficiency is not due to the impairment 
of methionine synthase function. Although there is little 
information available on corrinoid specificity of methylma- 
lonyl-CoA mutase, treatment of rats with the CN-Cbl(c- 
lactam) would impair the enzyme function and lead to 
methylmalonic aciduria. 

References 

1) Z. Schneider and A. Stroinski, in "Comprehensive B12," Walter de 
Gruyter. Berlin, New York, 1987, pp. 225-266. 

2) J. F. Kolhouseand R. H. Allen. 7. Clin. Invest. 1381-1392(1977). 

3) E. Stupperich and E. Nexo. Eur. J. Biochem., 199, 299-303 (1991). 

4) T. Toraya, E. ICrodel, A. S. Mild van, and R. H. Abeles. Biochemistry, 
18, 417^26 (1979). 

5) J. M. Poston and T. C. Stadman in "Cobalamin," ed. by B. M. 
Babior. John Wiley & Sons. New York, London. Sydney. Toronto. 
1975, pp. 111-212. 

6) J. F. Kolhouse, C. Utley. S. P. Stabler, and R. H. Allen, 7. Biol. 
Chem., 266, 23010-23015 (1991). 

7) F. Watanabe, Y. Nakano, and E. Stupperich, J. Gen. Microbiol., 
138, 1807-1813 (1992). 



610 



H. Saido ei al. 



8) F. Watanabe, Y. Nakano, N. Tachikake, H. Saido, Y. Tamura, and 
H. Yamanaka, J. Nutr.. 121. 1948-1954 (1991). 

9) R. Bonnelt, J. R. Cannon, U. M. Clark, A. W. Johnson, L. F. J. 
Parker. E. L. Smith, and A. Todd, J. Am. Chem. Soc. 1957, 
1158-1168. 

10) D. L. Anton, H. P. C. Hogenkamp, T. E. Walker, and N. A. 
Matwiyoff, J. Am. Chem. Soc, 102, 2215—2219 (1980). 

11) T. G. Pagano and L. G. Marzilli, Biochemistry, 28, 72 1 3-7223 ( 1989). 

12) A. J. Giorgio and G. W. E. Plaut, J. Lab. Clin. Med., 66, 667-676 
(1965). 

13) E. P. Frenkel, R. Prough, and R. L. Kitchens, Methods Enzymoi. 



67. 31-40 (1980). 

14) B. Seetharam and D. H. Alpers, Ann. Rev. Nutr., 2. 343-369( 1982). 

15) R. Bonnett. J. M. Godfrey, V. B. Math, E. Edmond, H. Evans, and 
O. J. R. Hodder. Nature, 229, 473-476 (1971). 

16) T. Torava. T. Shirakashi. S. Fukui, and H. P. C. Hogenkamp, 
Biochemistry, 14, 3949-3952 (1975). 

17) E. P. Brass, A. G. Tahilian. R. H. Allen, and S. P. Stabler, J. Sutr., 
120. 290-297 (1990). 

18) S. P. Stabler, P. D. Marcell. E. R. Podell, R. H. Allen, and J. 
Lindenbaum, Blood, 64 (Suppl. 1), 42a (1984). 



INTER LIBRARY LOmN REQUEST FORM 



Borrower's Name 



Patricia Duffy 



Serial Number 



Org or A.U. 



Req. Date 



1645 



h5M 



Phone 



Date 



305-7555 



Please Attach Copy of Abstract. Citation, or bibliography, If Available. Please Provide Complete 
Citation. Only One Request Per Form 



Author/ Editor: 



Journal/Book Title: 



Article Title: 



Volume (Issue): 



Pages: 



Year of 
Publication: 



Publisher: 



Remarks: 



n Iz 






STIC Use Only 



Accession Number: 



Library Action 


LC 


NAL 


NIH 


NLM 


NBS 


PTO 


OTHER 


Is 
t 


2nd 


1s 
t 


2nd 


1s 
t 


2n 
d 


Is 
t 


2n 
d 


Is 
t 


2nd 


Is 
t 


2nd 


Is 
t 


2nd 


Local 
Attempts 






























Date 






























Initials 






























Results 






























Examiner 
Called 






























Page Count 






























Money Spent 





























































Provided By: Source and Date Ordered From: Source and Date Remarks/CommentS 

I I ' ' I 1st & 2nd dnotes time taken to a library 

— •■ O/N - Under NLM means Overnight 

. Service 

FX - means Faxed to us 



Cancer Chemother Pharmacol (1986) 17: 1 14-120 



Clancer 

C hemotherapy and 
P harmacology 

© Spiinger-Verlag 1986 



Enhanced therapeutic effect of methotrexate in experimental 
rat leukemia after inactivation of cobalamin (vitamin B12) 
by nitrous oxide ^ 

A. C. M. Kroes, J. Undemans, M. Schoester, and J. Abels 

Institute or Hematology, Erasmus University, Rotterdam, The Netherlands 



Summary /^Exposure to nitrous oxide interferes selectively 
with the coenzyme function of vitamin B12 and causes in- 
activation of methionine synthetase, with subsequent im- 
pairment of folate metabolism and reduction of cellular 
proliferation. In a rat leukemia model (BNML) we investi- 
gated the combined administration of nitrous oxide, inac- 
tivating vitamin B12, and methotrexate (MTX). a folate 
antagonist inhibiting the enzyme dihydrofotate reductase. 
Through different mechanisms, both agents decrease the 
availability of tetrahydrofolate, and subsequently of other 
reduced folates, with increased impairment of folate-de- 
pendent synthesis of thymidylate. Effects on leukemic 
growth and on hematological values in rats demonstrated 
enhancement of the therapeutic effect of MTX by expo- 
sure to nitrous oxide. With several treatment schedules, the 
results of combined treatment were seen to be better than 
additive when compared with the effects of single agents. 
In particular, pretreatment of leukemic rats with nitrous 
oxide for 3 days before administration of MTX appeared 
effective. With higher doses of MTX, concomitant expo- 
sure to nitrous oxide even resulted in toxic effects. TTiese 
findings were in accordance with the results of some meta- 
bolic studies performed in leukemic rat^ De novo synthe- 
sis of thymidylate in leukemic cells, when studied by 
means of the deoxyuridine suppression test, showed the 
most severe disturbance with combined treatment consist- 
ing in MTX (0.5 mg/kg) and nitrous oxide pretreatment 
for 3 days. Intracellular levels of folate and dTTP were 
lowest with 2 and 3 days' pretreatment before MTX, re- 
spectively. It is concluded that this interaction of nitrous 
oxide and MTX can result in enhanced metabolic and 
therapeutic effects of low doses of MTX. Inactivation of 
vitamin B12 appears to be a potentially useful addition in 
cancer chemotherapy. 



Introduction 

The similarity of hematological disturbances caused by de- 
ficiency of either folic acid or cobalamin (vitamin B12) is 
well established. Both vitamins are involved in pathways 
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Abbreviations used in this paper: MTX, methotrexate; THF, tetra- 
hydrofolaie; DHF, dihydrofolate: dTTP, deoxythymidine tri- 
phosphate. 



essential in the synthesis of nucleotides, and consequently 
of DNA. The important function of folic acid in cellular 
proliferation is also reflected in the striking cytostatic ac- 
tivity of folate antagonists of which methotrexate (MTX) is 
the best known example. This antimetabolite is widely 
used in cancer chemotherapy [14]. In contrast, until recent- 
ly, the role of vitamin B12 in neoplastic growth has re- 
mained unclear, because no effective method was avail- 
able to interfere with its coenzyme function. In 1978, how- 
ever, it was recognized that selective inactivation of vita- ^ 
min B12 could be achieved with exposure to the anesthetic ^ 
gas nitrous oxide, or NjO [1, 7), Megaloblastic hematopoi- ^ 
esis after prolonged exposure to nitrous oxide had been ' 
observed much earlier [21], and a chemical interaction of : 
nitrous oxide with complexes of cobalt was also known for | 
some time [2]. It appeared that a specific oxidative action ;= 
of nitrous oxide on the cobalt moiety of vitamin BI2 \ 
caused a nearly complete inactivation of the methylcobai- I 
amin-requiring enzyme methionine synthetase, or 5-me- | 
thyltetrahydrofolate homocysteine methyltransferase ^ 
(E. C. 2.1.1,13). Nitrous oxide effectively established a J: 
state of functional deficiency of vitamin B12, with severely i 
disturbed folate metabolism [6] and toxic effects on hema- % 
topoiesis [38]. Methionine synthetase is essential in folate i;. 
metabolism, because it provides the only pathway by | 
which 5-methyltetrahydrofolate, the major extracellular : | 
folate, can be converted into tetrahydrofolaie (THF). THF f 
and other, subsequently formed, reduced folates can be | 
converted into folylpolyglutamates, which are then re- |i 
tained in the cell and are important coenzymes in one-car- 
bon transfer reactions. De novo synthesis of thymidylate :|: 
requires such folate-dependent methylation. MTX also in- ; | 
terferes with folate metabolism by limiting the generation jtj 
of THF, but through a different mechanism. Its inhibition 
of dihydrofolate (DHF) reductase prevents the reconver- .|. 
sion of DHF to THF. h 

It has been shown that the effect of nitrous oxide 
vitamin B12 can be utilized to reduce growth of leukemia 
in vitro [18] and in vivo, in rats (20]. This effect is associat- It 
ed with a disturbance of folate-dependent de novo synthe- .i ! 
sis of thymidylate. Therefore, it appears that nitrous oxide |' 
and MTX, through inhibition of different pathways, ulti- |;: 
mately may have similar effects on folate metabolism.;!!;:. 
These observations suggest that the inactivation of vitamio^;|:; 
BI2 can modify, and possibly enhance, the efficacy of,:|y 
MTX. In vitro .studies on human bone marrow have dev|;f 
monstrated a synergistic effect of MTX and nitrous oxide; | 
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with regard to impairment of nucleotide synthesis [17). The 
purpose of the present study is to investigate the influence 
of nitrous oxide on the effects of MTX in vivo, using a rat 
leukemia model: the Brown Norway myeloid leukemia 
(BNML). This transplantable acute promyelocytic leuke- 
mia has been described in detail elsewhere (12] and is 
considered to be a suitable model for chemotherapeutic 
studies [40]. In addition to experiments intended to assess 
effects on leukemic growth, a number of metabolic studies 
were performed in leukemic rats, to investigate some ef- 
fects of treatment on folate metabolism. These studies in- 
cluded deoxyuridine suppression tests, and determinations 
of intracellular folate and deoxythymidine triphosphate 
(dTTP) levels. 



Materials and methods 

Animals. Male rats of the Brown Norway inbred strain 
were used at the age of 12-16 weeks (body weight 
200-275 g). Food and water were supplied ad libitum dur- 
ing the experiments. 

Brown Norway myeloid leukemia (BNML). Cryopreserved 
leukemic cells were kindly provided by Dr. A. Hagenbeek 
from the Radiobiological Institute (TNO), Rijswijk, The 
Netherlands, where this transplantable rat leukemia model 
was developed. Origin, classification and proliferation 
kinetics were described elsewhere [I2j. For leukemia trans- 
fer in experimental series, spleen cells of fully leukemic 
animals were used. A standard dose of 10^ cells suspended 
in Hanks' balanced salt solution was injected IV, which 
leads to progressive leukemic infiltration of bone marrow, 
spleen and liver, with death after 20-24 days. Spleen and 
liver weights, steadily increasing in the course of leukemia, 
are reliable indicators of tumor load and, along with he- 
matological determinations, can be used effectively to 
assess effects of chemotherapy (121. To avoid a gradual 
change in growth properties, serial transplantations were 
limited to only two passages, after which spleen cells were 
used from rats freshly inoculated with cells from a cryo- 
preserved stock. 

: Treatment with nitrous oxide and MTX. Leukemic rats were 
treated according to different schedules in groups of at 
least four. Exposure to nitrous oxide was carried out in a 
40-J flow chamber into which a mixture of 50% nitrous ox- 
ide and 50% oxygen was blown at a rate of 500 ml/min. 
Oxygen concentration was monitored with an oxygen ana- 

. lyzer (Teledyne Analytical Instruments). Carbon dioxide, 
water, and contaminating volatile compounds were elimi- 
nated in a cleaning circuit, essentially as described by Ru- 
preht and Dzoljic (37]. Rats not exposed to nitrous oxide 
were kept in air, but otherwise treated identically. Sodium 
methotrexate (Ledertrexate SP. from Lederie) was injected 
IP. Rats not receiving MTX received injections of 0.15 M 
NaCI IP instead. 

Evaluation of leukemic growth. Experiments intended to 
assess effects on leukemic growth were all evaluated by the 
: s^me procedure. To allow a simultaneous investigation of 
•several aspects of leukemia these experiments were termi- 
nated after a fixed period of 18 days (in some instances: 19 
V:^ays) of leukemia, just before death from leukemia was to 
jil^e expected. Rats were killed by exsanguination, after re- 
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cording of body weights. Liver and spleen were carefully 
removed and weighed. Leukocytes were counted electroni- 
cally, and in some experiments differential blood cell 
counts were done. Plasma levels of vitamin BI2 were mea- 
sured in a competitive radioisotope binding assay using 
purified intrinsic factor [22]. Normal values for organ 
weights, leukocyte counts and plasma vitamin BI2 were 
derived from at least 12 comparable nonleukemic Brown 
Norway rats. 

Metabolic studies. In separate experiments, rats with ad- 
vanced leukemia were treated for short periods, after 
which leukemic cells were used in metabolic studies. Three 
similar experiments were carried out separately. In each, 
eight leukemic rats inoculated at day 0 were divided in 
four pairs. These pairs were treated with nitrous oxide for 
3, 2, I, or 0 days. Immediately afterwards one rat in each 
pair received MTX, 0.5 mg/kg IP, the other rat receiving 
saline only. At 18 h after administration of MTX, on day 
15 of leukemia, leukemic cells were obtained from the 
spleens of all rats, washed, and resuspended in Hanks' bal- 
anced salt solution. These cell suspensions were counted 
electronically and used in deoxyuridine suppression tests 
and determinations of intracellular folate and dTTP. 

Deoxyuridine suppression test. This test demonstrates im- 
paired de novo synthesis of thymidylate. ^H-Thymidine in- 
corporation into DNA is measured with and without addi- 
tion of deoxyuridine. Deoxyuridine will suppress incor- 
poration of ^H-thymidine in DNA if it can be converted to 
thymidylate through folate-dependent methylation. This 
suppression is reduced by vitamin B12 or folate deficiency 
[42], inactivation of vitamin B12 by nitrous oxide [281, and 
treatment with other agents interfering with de novo syn- 
thesis of thymidylate [5]. 

Leukemic spleen cells (approx. 5x 10* per test) were 
used from rats of various groups, as described above. The 
test was carried out essentially according to Metz [30], with 
some modification as described elsewhere [20]. Deoxyuri- 
dine (Sigma, St. Louis, USA) was used in a concentration 
of 0.1 mmol/l. All incubations were performed in tripli- 
cate. Incorporation of ^H-thymidine (0.3 \iC\ per test, spe- 
cific activity 25 Ci/mmol, from Amersham, UK) is ex- 
pressed as a percentage of the maximal incorporation, 
measured in each case in incubations without addition of 
deoxyuridine. 

Intracellular folate. In suspensions of leukemic spleen 
cells, intracellular folate content was determined. After 
centrifugation a pellet of approx. 10** cells was resuspended 
in a total volume of I ml 10% (= 1.3 mol/l) mercaptoetha- 
nol, heated in a water bath of 100 °C for 5 min, and 
cooled. Hog kidney polyglutamate hydrolase, prepared as 
described by McMartin et al. [29], was added and allowed 
to incubate at room temperature for 2 h. The samples were 
frozen at -20 until assayed. After thawing, the extracts 
were centrifugated (1500^ for 10 min at 4'*C), and ali- 
quots of the supernatants were used in a folate radioiso- 
tope dilution assay, essentially as described by Dunn and 
Foster [I I], with '^M-folic acid (Becton Dickinson, Orange- 
burg, N.Y., USA) as a tracer, and P-Iactoglobulin (Sigma, 
St. Louis, USA) as a folate binder. 5-Methyl-THF was 
used as a standard, and results are expressed as picomoles 
of folate per 10* cells. 
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Intracellular dTTP. In leukemic cells obtained from rats as 
described above, dTTP was determined using the DNA 
polymerase assay system originally developed by Solter 
and Handschumacher [39], with the modifications and cor- 
rections published by Hunting and Henderson [13]. A dif- 
ferent extraction method was used, however. After being 
washed once in Hanks' balanced salt solution, cell suspen- 
sions were centrifuged and the supernatant was removed. 
To the pellet of about 10* cells, 1,2 ^ig cyano ("Co]cobal- 
amin, or 10^ dpm, (Amersham, UK) was added, as an in- 
ternal standard for cell quantities in the assay. The pellet 
was then extracted with 5 ml ice-cold 60% methanol and 
stored at — 20°C until assayed. After centrifugation the 
supernatant was dried using a rotary evaporator at 25 °C, 
dissolved in 50 mM potassium cacodylate and subsequent- 
ly used in the DNA polymerase catalyzed assay. DNA po- 
lymerase I from £. co/i, dATP, dTTP, and poly(d(A,T)) 
were all obtained from Boehringer Mannheim (FRG) and 
^H-dATP and ^H-dTTP were from Amersham (UK). 
Procedures, and calculated corrections for dilution of spe- 
cific activities by the endogenous nucleotides were carried 
out as described elsewhere [13]. Concentrations of dTTP 
are expressed as picomoles per 10* cells, based upon 
counts of the internal standard and cell concentration of 
the initial suspension. 



Results 

Effects of growth of leukemia in rats 

In Table 1, results of six experiments with several different 
treatment schedules are summarized. In all these experi- 
ments, one group of leukemic rats treated with MTX only 
is compared with one or more groups of rats treated with a 
combination of MTX and exposure to nitrous oxide. Most 

Table 1. Effects of treatment on growth of leukemia 



experiments included a group receiving nitrous oxide con- 
tinuously throughout the treatment period (day 7 to day 18 
or 19 of leukemia). In other groups, nitrous oxide treat- 
ment was limited to either 3 days before administration of 
MTX (pretreatment) or 3 days after administration of 
MTX (post-treatment). This is illustrated in Fig. 1, which 
shows the treatment schedules as applied in experiment 3 
of Table 1 . In addition, all experiments included rats re- 
ceiving no treatment or nitrous oxide only (days 7-19), 
without MTX. Cumulative results in these rats are also 
shown in Table 1. From the data in Table 1, it follows that 
low doses of MTX alone do not have substantial effects on 
leukemic growth. In all experiments the addition of ni- 
trous oxide enhanced the therapeutic effects of MTX. The 
differences between rats treated with MTX only and rats 
treated with both MTX and nitrous oxide (continuously) 
are statistically significant according to WiIcoxon*s non- \ 
parametric rank sum test. For all three parameters of leu- 
kemia, results did not overlap, yielding p-values of 0.05 or 
less, in any of the experiments 1 -4. In addition, the results : 
of combined treatment appeared to be better than additive : 
in these experiments, with the possible exception of exper- ; 
iment I, in which the lowest dose of MTX was adminis- j 
tered. In other cases, the reduction of leukemic growth ob- 
tained with combined treatment is often greater than the 
added effects of the two single agents, which is indicative:; 
of a synergistic interaction. From experiments 3 and 5 it 
can be derived that by far the major part of the added ef- 
fect is contributed by the period of exposure to nitrous 
oxide before administration of MTX (pretreatment sche- ; 
dules). In experiment 6 the highest dose of MTX was used : 
(4 mg/kg). In this experiment, rats treated with both MTX :! 
and nitrous oxide (continuously) died prematurely at | 
14-16 days after inoculation, without any evidence of leu- J; 
kemia. Spleen and liver weights at autopsy were subnorvj: 
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Expl 


Treatment 


No. of. 


Spleen weight' 


Liver weight** 


Leukocytes^ 


no 




rats 


(g)mean±SEM 


(g) mean±SEM 


(109)mean±SEM 




None (untreated controls) 


22 


3.90 ±0.09 


17.39 ±0.45 


24.8 ±2. 1 




N2O, continuous (days 7 - 18/19) 


14 


2.89 ±0.09 


14.33 ±0.44 


ll.l±1.0 


1 


MTX, 1 xO.5 mg/kg (day 11) 


5 


3.64±0.I0 


I5.60±0.69 


18.1±1.2 




-1- N2O, continuous (days 7-19) 


5 


2.34 ±0.10 


I2.50±0.55 


7.7 ±0.7 


2 


MTX. 2 X 0.5 mg/kg (days 10 and 14) 


4 


3.29 ±0.09 


12,95 ±0.52 


16.6±l.3 




+ N2O. continuous (days 7- 18) 


4 


1.43 ±0.14 


9.76 ±0.47 


3,8 ±0.5 


3 


MTX, 2 X 0.5 mg/kg (days 10 and 16) 


4 


3.38 ±0.1 8 


16.04 ±0.78 


20.2 ±1.4 




+ N20. 2x3 days after MTX (days 10-13/16-19) 


4d 


3.32 


17.05 


20.0 




+ N2O, 2x3 days before MTX (days 7-10/13-16) 


4 


2.37 ±0.11 


13.08 ±0.44 


8.1 ±0.6 




-H N2O, continuous (days 7-19) 


4 


1.97±0.17 


11.68±0.81 


7.0±I.I 


4 


MTX. 1 x2 mg/kg (day 10) 


4 


3.44 + 0.14 


14.00 ±0.46 


20.8 ±2.9 




+ N2O, 1 X 3 days before MTX (days 7- 10) 


4 


2.58 ±0.24 


12.59 ±0.94 


7.7 ±1.0 




N2O, continuous (days 7- 19) 


4 


1.95 ±0.08 


1I.47±0.17 


6.1 ±0.6 


5 


MTX. 2 X 1 mg/kg (days 6 and 14) 


4 


3. 19 ±0.22 


12.37 ±0.59 


15.9 ±1.8 




+ N20, 2x3 days after MTX (days 6-9/14-17) 


4 


3.37 ±0.10 


14.70±0.80 


1 4.0 ±0.7 




N2O, 2x3 days before MTX (days 3 -6/1 1 - 14) 


4 


2.31 ±0.14 


10,64 ±0.51 


10.8 ±1.2 


6 


MTX, 1x4 mg/kg (day 10) 


4 


2.85 ±0.32 


13.30 ±0.74 


14.9 ±1.1 




+ N2O. 1 X 3 days before MTX (days 7- 10) 


4 


1.47 ±0.43 


10.12±0.49 


4.2 ±1.4 




+ NjO, continuous (from day 7) 


4 


all rats died (without evidence of leukemia) 



=;e| 



■Ml 



ih' 



» Normal spleen weight in comparable nonleukemic BN rats: 0.45 ±0.07 g 
»> Normal liver weight in comparable nonleukemic BN rats: 8.25 ±0.99 g 
« Normal value of leukocyte count in nonleukemic BN rats; 3.9 ± 0.4 x 10^/1 
2 rats dying prematurely of leukemia are not included 
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Fig. 1. Treatment of leukemic rats with nitrous oxide (NjO) and 
methotrexate (MTX), as given in experiment 3 of Table L Periods 
of exposure to nitrous oxide are shaded^ and arrows indicate time 
of administration of MTX. Rats receiving MTX or nitrous oxide 
only and untreated rats were also included 
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Fig. 2. Plasma levels of vitamin B12 in leukemic rats treated in 
several experiments with different doses of MTX. Groups with 
combined treatment received nitrous oxide continuously (days 
(7- J 8/1 9 of leukemia). Values in normal (nonleukemic) BN rats 
are also shown. Bars indicate SEM 



mal, and body weight was seriously reduced (77% of 
weight before treatment). This was considered to be a toxic 
effect of treatment. In other experiments, however, no tox- 
icity was observed and nitrous oxide treatment was well 
tolerated by rats without evident effects on consciousness. 
Even with combined treatment. loss of body weight was al- 
ways less than 10%. 

In some experiments differential blood cell counts 
were made, which demonstrated that the observed re- 
ductions in peripheral leukocyte counts were also accom- 
panied by a striking relative decrease of leukemic cells 
(promyelocytes), as shown in Table 2. 

Plasma levels of vitamin B12, as determined in these 
ejxperiments, are presented in Fig. 2. Compared with nor- 
jnal BN rats, vitamin 812 levels in untreated leukemic 
...controls are very high. With treatment these levels are re- 
,: duced, as is shown for three doses of MTX. Exposure to 
nitrous oxide alone has marked effects on the vitamin 812 
: "level in plasma, but much lower and even subnormal le- 
i.y^Is are found after combined treatment. 

MetaboUc effects 

Iji separate experiments, pairs of leukemic rats were treat- 
t -ed with nitrous oxide for 0, I, 2, or 3 days. One rat of each 
v; pair subsequently received MTX (0.5 mg/kg), and 18 h af- 
:;■ teirwards leukemic cells of all rats were used for deoxyuri- 
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Fig. 3a-c. Results of metabolic experiments with leukemic spleen 
cells after in vivo treatment of rats with 0-3 days' exposure to ni- 
trous oxide, followed or not by administration of MTX (0.5 mg/ 
kg): a deoxyuridine suppression values, expressed as percentages 
of maximal incorporation of ^H-thymidine, in incubations with- 
out deoxyuridine; b intracellular levels of folate (pmol/IO* cells); 
c intracellular levels of dTTP (pmol/10^ cells). Shaded columns in- 
dicate MTX treatment The experiments were performed 18 h af- 
ter administration of MTX and/or exposure to nitrous oxide 



dine suppression tests and determinations of intracellular 
folate and dTTP. This experimental procedure was repeat- 
ed twice, and results of all rats used in this study are pre- 
sented together (Fig. 3). 

Deoxyuridine suppression tests (Fig. 3 a) show in- 
creased disturbance with longer duration of nitrous oxide 
exposure before the administration of MTX. Higher values 
in this test indicate a decreased ability of deoxyuridine to 
suppress the uptake of ^H-thymidine, demonstrating im- 
paired de novo synthesis of thymidylate. MTX without ni- 
trous oxide treatment is clearly less effective: mean values 
are 12% without nitrous oxide and 25% with 3 days of pre- 
treatment. Figure 3 b shows the results of intracellular fo- 
late determinations. Both nitrous oxide and MTX de- 
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Table 2, Effect of treatment on differential blood cell counts 



Treatment 




No. of. 
rats 


Promyelocytes" 
(leukemic cells) 


Lymphocytes" 


Neutrophils* 


1 


None (untreated controls) 




8 


I7.4±1.9 


74.4 ±2.0 


8.3 ±1.6 




N2O, continuous (days 7-18/19) 




6 


13.5 ±3.4 


83.2 ±2,7 


3.3 ±0.8 


1 


MTX, 2 X 0.5 mg/kg (days 10 and 14) 




4 


13.5 + 2.2 


74.5 ±1.8 


I2.0±1.0 




+ N2O, continuous (days 7- 18) 




4 


0.8 ±0.2 


98.3 ±0.6 


1.0 ±0.4 




Ml X, 1 X 2 mg/kg (day 10) 




3 


30.6 ± 1.5 


65.0 ± 1.5 


4.3 ± 1.2 




+ N20, 1 X 3 days before MTX (days 7- 


10) 


3 


8.0 ±6.0 


90.3 ±6.2 


1.7 ±0.3 


1 


+ N2O, continuous (days 7- 19) 




4 


3.3 ±0.9 


95.5 ±1.0 


1.3 ±0.2 




MTX. Ix4mg/kg(day 10) 




4 


13.3 ±3.9 


8I.5±5.2 


5.3±l.6 




+ N2O, 1 X 3 days before MTX (days 7- 


10) 


4 


2.0 ±0.7 


97.5 ±0.9 


0.5 + 0.3 


> 


Normal BN rats (nonleukemic) 




5 


0 


91.4±t.4 


6.0 ±1.5'* 





" Expressed as percentages of the total number of nucleated cells, counting 200 cells, with indication of SEM 
*> With additional 0.4% eosinophils and 2.2% monocytes 



creased folate levels, and the lowest levels are found with 
combined treatment after 2 days of nitrous oxide exposure. 
With 3 days of nitrous oxide exposure it appears that fo- 
late contents recover to some extent. Figure 3 c, presenting 
levels of intracellular dTTP, is based upon the last meta- 
bolic experiment only, involving eight rats, in contrast to 
the other results. From this experiment it can be concluded 
that dTTP levels in leukemic cells are lowest with com- 
bined treatment consisting in MTX and 2 or 3 days' pre- 
treatment with nitrous oxide. Nitrous oxide treatment 
alone appears to cause increased levels of dTTP, but it 
should be emphasized that these and other values were ob- 
tained IS h after exposure and some recovery may have 
occurred. 

Discussion 

Nitrous oxide interferes specifically with the coenzyme 
function of vitamin B12 and thereby inactivates methio- 
nine synthetase [8]. This severely affects folate metabolism, 
because methionine synthetase is required in the conver- 
sion of 5-methyl-THF, the predominant extracellular fo- 
late, into THF. This conversion is essential for folate coen- 
zyme functions and also for the cellular retention of fo- 
lates. In contrast to other reduced folates, 5-methyl-THF is 
not a substrate for synthesis of folylpolyglutamates, as is 
evident from metabolic studies [23, 27] and from propert- 
ies of the purified enzyme [31]. The synthesis of folylpoly- 
glutamates is decreased by nitrous oxide [27, 34, 35], which 
explains the serious cellular depletion of folates occurring 
on exposure [25]. The decreased availability of reduced fo- 
lates impairs folate-dependent synthesis of thymidylate, 
and subsequently reduces DNA synthesis and cellular pro- 
liferation. The inhibition of leukemic growth by nitrous 
oxide in vitro has been demonstrated [18], and in a previ- 
ous study we described in vivo antileukemic effects of ni- 
trous oxide in rats [20]. We also showed that these effects 
were enhanced in combined treatment with cycloleucine, 
which inhibits the conversion of methionine into S-adeno- 
sylmethionine and indirectly interferes with folate metab- 
oilism [19]. A number of studies have investigated the com- 
bination of nitrous oxide, as a vitamin B12-inactivating 
agent, and MTX, as a typical folate antagonist. Kano et al. 
[17] have demonstrated synergistic effects with regard to 



inhibition of thymidylate synthesis in normal human bone I 
marrow. Black and Tephly [4] compared metabolic effects 
of both agents in rat liver cells. The inhibition of methio- ;! 
nine synthetase by nitrous oxide considerably decreased ii 
the availability of THF while the inhibition of DHF reduc- i 
tase by MTX was much less effective. This difference | 
probably can be explained by the low activity of thymidy- i 
late synthetase in liver cells. Dudman et al. [10] found in- ;i 
creased sensitivity of leukemic cell lines to MTX with ni- i 
trous oxide-induced inhibition of methionine synthetase, | 
which was further exploited by the use of 5-methyl-THF l 
instead of 5-formyl-THF as a rescue agent. 

The present study shows effects of combined therapy | 
with nitrous oxide and MTX on in vivo growth and meta- 1 
holism of rat leukemia. The exposure of rats to nitrous ox- jl: 
ide enhanced inhibition of leukemic growth by low doses | 
of MTX. A period of exposure before the administration I 
of MTX (pretreatment) appeared essential for this effect. | 
The effects on leukemic infiltration in spleen and liver :| 
correlated well with hematologic results (total and differ- ^ 
ential leukocyte counts) and with determinations of vita- 1 
min B12 in plasma. An interesting feature of this leukemia | 
is a continuous rise of vitamin BI2 levels in the course of .| 
leukemic growth [20], which is also observed in human. | . 
acute pro myelocytic leukemia [36]. Plasma vitamin BI2 | 
can be used as a kind of tumor marker, and treatment | ' 
leads to reduced levels. The particularly striking decrease '|: 
caused by nitrous oxide, however, is explained by its spe- ;| 
cific effect on cobalamin. Analogues of cobalamin are | 
formed after oxidation and are excreted rapidly [33]. Id.I 
addition to effects on leukemic growth, some metabolic ! 
aspects of this interaction were studied in leukemic cells |:; 
after in vivo treatment of rats. On the basis of the results j; : 
discussed before, pretreatment with nitrous oxide was adt. It- 
ministered for periods up to 3 days. Deoxyuridine sup-S-. 
pression tests demonstrated increased disturbance of de=::| 
novo synthesis of thymidylate with longer duration of ni-:| V 
trous oxide pretreatment before MTX. Treatment with aW-t 
single agent was cleariy less effective. Simultaneous deter 
mination of intracellular folates, to confirm the presumed^|^x: 
cellular folate depletion, indeed showed a decrease in fo-:^^ 
late content, particularly with combined treatment. Somf I:::;! 
comments on these folate measurements are warrantedrl;;;;: 
however. In the radioisotope competitive binding assay the |; . 
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p-lactoglobulin folate binder is used, and probably not all 
relevant folate derivatives show the same affinity for this 
binder. Our own observations (not included in this study) 
indicated that 5-methy!-THF has slightly lower affinity 
than THF. As these folates are intracellularly predominant 
[4, 29], the observed decrease in total folate content could 
also be explained, at least partially, by a shift of folates 
from THF toward 5-methyl-THF. This, however, is func- 
tionally about equivalent, because the conversion of 5-me- 
thyl-THF is blocked on nitrous oxide exposure, as dis- 
cussed before. Moreover, the results of this folate radioas- 
say in the measurement of tissue folates were recently 
found to be comparable to microbiological assays [26]. 
Changes in cellular folate on nitrous oxide exposure in our 
study are similar to earlier observations [25, 35], including 
an indication of recovery at more than 2 days of exposure, 
an adaptive mechanism which is not yet understood. Fi- 
nally, decreased dTTP levels show that the impairment of 
folate-dependent synthesis of thymidylate has noticeable 
effects on this direct precursor of ONA. Considered to- 
gether, the findings in metabolic experiments are in ac- 
cordance with the results of studies directed at inhibition 
of growth, showing maximum effects after about 3 days of 
pretreatment with nitrous oxide before MTX. 

Several potential mechanisms could explain the results 
of this interaction. First, a reduction of intracellular folates 
by nitrous oxide pretreatment can obviously induce grea- 
ter susceptibility to folate antagonists [16]. A second me- 
chanism is closely related and concerns the reduced syn- 
thesis of folylpolyglutamates on nitrous oxide exposure. 
Polyglutamation of MTX, leading to increased activity 
and cellular retention [15], occurs in competition with nor- 
mal folate substrates [3, 16], In cells pretreated with nitrous 
oxide a larger proportion of MTX may be converted into 
polyglutamate forms. A third potential mechanism to ex- 
plain the results relates to the observed marked increase in 
activity of thymidylate synthetase, after nitrous oxide ex- 
posure of up to 3 days [9]. It is well established that thy- 
midylate synthetase has a central role in mediating the 
cytotoxic effects of MTX [32, 41], because this enzyme ac- 
tually causes THF depletion by its conversion of reduced 
folates into DHF. Increased activity of this enzyme, as a 
possible adaptation to nitrous oxide treatment, thus may 
result in enhanced effects of MTX. AH these mechanisms 
can explain the observed importance of pretreatment with 
nitrous oxide before MTX. 

The results presented in this study demonstrate that in 
vivo metabolic manipulation of leukemic cells with nitrous 
oxide can enhance metabolic and therapeutic effects of 
MTX. The clinical relevance of this interaction is illustrat- 
ed by the recent observation of increased toxicity of adju- 
vant chemotherapy involving MTX started directly post- 
operatively [24], which the authors attributed to inactiva- 
tion of vitamin B12 by nitrous oxide during anesthesia. 
Our findings lend support to this suggestion. In experi- 
.niental chemotherapy, the inactivation of vitamin BI2 re- 
presents a new method to enhance activity of MTX. The 
-relative contributions of increased polyglutamation of 
..MTX, and increased activity of thymidylate synthetase, 
should be subjects of further research. It also remains to be 
demonstrated that the effects described are applicable to 
human leukemia, but it is known that man is more sus- 
ceptible to vitamin BI2 deficiency than any animal [6]. 
:^^inally, these results indicate the significance of vitamin 



812 in leukemic proliferation and the value of vitamin 
B12-related metabolism as an additional target in cancer 
chemotherapy. 
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Circulating Antibody to Transcobalamin II Causing 
Retention of Vitamin in the Blood 

By Ralph Carnnel, Basil Tatsis, and Lynn Baril 



A potient with recurrent pulmonary ab- 
scess, weight loss, and alcoholism was 
found to have extremely high serum vito- 
min and unsaturated vitamin B^j-bind- 
tng capacity (UBBC) levels. While trans- 
cobalamin (TC) II was also increased, most' 
of his UBBC was due to an abnormal bind- 
ing protein which carried >80% of the 
endogenous vitomin B,, and was not 
found in his saliva, granulocytes, or urine. 
This protein was shown to be a complex 
of TC II and a circulating immunoglobulin 
(IgGx and IgGX). Each IgQ molecule 
appeared to bind two TC II molecules. 
The reacting site did not interfere with the 
obility of TC II to bind vitamin B13, but 
did interfere with its ability to transfer 
the vitamin to cells in vitro. The site was 
not identicol to that reacting with anti- 



humon TC II antibody produced in robbits. 
Because of this abnormal complex, ^^Co- 
vitamin Bn injected introvenously was 
cleared slowly by the potient. However, 
no metabolic evidence for vitomin B^^ 
deficiency was demonstrable, although 
the patient initially had megaloblostic 
anemia apparently due to folate defi- 
ciency. The course of the vitamin B,3-bind- 
ing abnormalities was followed over 4 yi" 
and appeared to fluctuate with the status 
of the patient's illness. The IgG-TC II 
complex resembled one induced in some 
patients with pernicious anemia by in- 
tensive treatment with long-acting vito- 
min B|} preparations. The mechanism of 
induction of the antibody formation in 
our patient is unknown. 



VITAMIN B,2 transport involves various vitamin B,2-binding proteins, as 
recently reviewed.'-^ Two of the serum proteins, transcobalamin (TC) I 
and third binder (TC III) are closely related. Their roles in vitamin B,2 transport 
are not established yet, and their absence does not seem to cause metabolic 
difficulty.^ TC II, the protein primarily involved in delivery of vitamin 8,2 to 
cells, is the more crucial serum transport protein. Its absence causes severe vita- 
min B,2 abnormality.^* 

Patients with abnormally elevated TC levels have been frequently described. 
Often, it is TC 1 that is clevated^'^ and, since TC I normally carries endogenous 
vitamin B,2, serum vitamin 8,2 levels are also high. High serum TC III levels 
have been described'^"'* and, despite the major problem of in vitro artifact, 
often appear to be elevated in plasma as well.'^-^** High TC II levels'^*^' have 
been described less often and less systematically and, as with TC III elevation, 
have usually not been accompanied by elevated vitamin Bij levels. Some earlier 
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reports may have overestimated TC II elevations'*^* because TC III was not 
adequately separated from TC IIJ*'-^''-^^ 

In this paper we present studies on a unique patient with serum vitamin B,^ 
levels and unsaturated vitamin B,2-binding capacity (UBBC) approximately 40 
times normal. The cause was found to be different from the previously men- 
tioned TC disorders. A circulating antibody to his own TC il apparently re- 
suited in retention of both TC II and vitamin B,2 in the blood. In many respects 
the antibody resembled one induced in some patients with pernicious anemia 
by repeated injections of long-acting preparations of vitamin B,2,^^ ^' 

In the following presentation the antibody TC II complex will be referred to 
as **abnormal binder." It is important to keep in mind that, as in most studies 
of vitamin B,2-binding proteins, the quantity and fate of binding of "Co-B,2 is 
assumed to reflect the quantity and the fate of the protein in question, 

CASE HISTORY 

A.S., a 38-yr-oid black man, was firs! hospitalized in April 1972 with a right apical pulmonary 
cavity associated with fever and early clubbing of fingernails, 30-lb weight loss on a diet of 
milk, crackers, and soup over a 5-mo period, and alcoholism. There was no history of vitamin 
B,2 therapy, and no neurologic symptoms were elicited. Abnormal laboratory data were folate 
deficiency with megaloblastic anemia (hemoglobin 6.1 gm/dl), hypocholesterolcmia, polyclonal 
hypergammaglobulinemia, and low erythrocyte glucose-6-phosphatc dehydrogenase activity. At no 
time during this admission or in his subsequent course did his neutrophil count exceed 8800/^1. 
All liver chemistry tests were normal although the liver was palpable 2 cm below the right costal 
margin; the spleen was not palpable. A very high serum vitamin B,2 level prompted further 
evaluation. The vitamin B12 data during this hospitalization and sub.<;equently are all shown in 
Fig. I. Evaluation of the pulmonary abscess included tomography and bronchoscopy. All cytologic 
and bacterial studies were unrcvealing, except for the finding of "atypical cells of bronchial 
and histiocytic origin" on one of the many sputum samples examined cyiologically. 



149339^ 




Fig. I . Serum vitamin 8,^, UBBC, and unsaturated binder levels of the potient. Normal serum 
vitomin B,, ( 150-900 pg/ml), UBBC (600-1600 pg/ml), and TC II (500-1400 pg/ml) ranges are 
dwarfed by the patient's levels. Abnormal binder ond TC M in this graph refer to unsaturated 
binding only. 
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A second-strength tuberculin skin test was positive and the patient was treated empirically 
with isoniazid, streptomycin, cthambutol, and pyridoxine after a brief course of penicillin. During 
the following month the patient gained weight, his hemoglobin level rose to 1 1.9 gm/dl and the 
pulmonary lesion improved rapidly. He left the hospital against advice, and his outpatient course 
was punctuated by very irregular antiiuberculous and folic acid therapy, binges of wine drinking, 
and intermittent mild elevations of serum GOT. GPT. lactic acid dehydrogenase, bilirubin, and 
alkaline phosphatase. 

In December 1973 (day 582 in Fig. I) the patient was readmitted with relapse of his earlier 
problems, further accompanied by diarrhea and dyspnea. He had taken no anlituberculous therapy 
for 6 mo. but had stopped his heavy wine drinking in November 1973 following a convulsion. 
Although his liver was greatly enlarged, biochemical tests were normal except for minimal ab- 
normalities of SGOT and prothrombin time. Liver biopsy showed only minimal fatty metamorpho- 
sis. There was moderate anemia of chronic disease, hypoalbuminemia. and hypocholesterolemia. 
The bone marrow showed 1 1",, plasmacytosis but was normoblastic. There was now a large abscess 
in the left lung, although all cultures and smears were again repeatedly negative. The patient 
was treated with penicillin, isoniazid, ethambutol. and pyridoxine. Again he showed excellent im- 
provement. Since the course of the pneumonia was deemed not to be that of tuberculosis, he 
was discharged with only penicillin. 

The patient was next admitted in August 1975 {day 1210) with recurrence of pneumonia in 
the right lung, which now showed an air -fluid level, and of diarrhea. All cultures remained nega- 
tive and bronchial biopsy showed only acute and chronic inflammatory changes. The liver was 
not enlarged and tests of liver function were normal. Isoniazid, ethambutol. rifampin, and 
penicillin were given. Upper gastrointestinal x-ray studies to investigate the diarrhea were nega- 
tive except for a suggestion of chronic gastritis. The patient was discharged in January 1976 
without antituberculous therapy. His right pulmonary lesion has shown continued improvement, 
though the diagnosis remains unclear, 

MATERIALS AND METHODS 

All venous blood samples were allowed to clot at room temperature and were ccntrifuged. 
Plasma was also obtained once, using hDTA NaF antigoagulant'* (Vaculainer No. 4601, Bccton 
Dickinson & Co., Rutherford, N.J.). Saliva was collected by direct, unstimulated spitting. Random 
urine samples were collected without preservative. Granulocyte extracts were prepared as pre- 
viously slated.^ All specimens were stored at -20*C. Some sera were thawed and refrozen 
several times while preparing aliquots for experiments. Only after thawing more than 6 times 
was there deterioration of the vitamin B,2 binders. The proteins were otherwise not affected 
by simple storage at -20X', even after 6 mo. All experiments, unless otherwise stated, were 
done on minimally manipulated specimens. Depending on the experiment, cyanocobalamin labeled 
with cobalt-57 ("Co-B,2) of either 15 /iCi/^g or 167 nC't/^g specific activity (Amcr- 
sham ScarleCorp., Arlington Heights, 111.) was used. 

Serum UBBC was determined by saturating 0.1 ml of serum with excess "Co-B,2 and. after 
30 min of incubation, chromatographing in 0.1 M Tris -1 M NaCl buffer, pH 8.6. on Sephadex 
G-200 or G-150 gel (Pharmacia Pine Chemicals, Piscataway, N.J.) as previously described. 
The amount of Co-B,2 carried in the various binder peaks was calculated, the sum being the 
UBBC. Results agreed closely with coated charcoal radioassay." In a few experiments, different 
buffers were substituted in order to assess their effect on the binder; in each case the gel was also 
first swollen in that buffer. In some experiments, scrum unlabeled with "Co-B,2 was chromaio- 
graphed and UBBC was subsequently determined on each eluate fraction by radioassay. In other 
studies, each such fraction was instead assayed for vitamin B,2 content,^ in order to determine 
which peaks carried the endogenous vitamin B|2 of the serum. 

Vitamin B,2-binding proteins were also fractionated by 2 A/ ammonium sulfate precipitation,^^ 
DEAE-cellulose separation,^^ and autoradiography (by exposure to x-ray film for 6 wk of cellulose 
acetate strips on which samples had been subjected to electrophoresis at pH 8.6). 

TC fractions labeled with ^'Co-B,2 were obtained by pooling gel filtration eluatcs, and they 
were concentrated by ccntrifuging in CP 25 Centriflo membrane cones (Amicon Corp., Lexington, 
Mass.). The absence of other contaminating TC in each product was confirmed by rcchromato- 
graphing on the Sephadex gel. Use of such TC fractions is identified specifically below. Otherwise, 
whole serum was used, which, depending on the nature of the study, was sometimes first satu- 
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rated with nonradioactive vitamin B,2 tthe excess being removed by treating with a hemoglobin- 
coaled charcoal pcllei) in order to prevent possible undesirable transfer of "Co-B|2 from com- 
poncnis of the experiment to unsaturated binding proteins of the test scrum, 

Anti human saliva "R binder" antiserum was prepared in rabbits.^' It reacted only with R 
binder (TC L TC HI, or granulocytic and salivary R hinders) and not with TC II. Rabbit anti 
human TC II antiserum* was shown to react only with TC il. Precipitating anti intrinsic factor 
antibody was obtained from the scrum of a patient with pernicious anemia and was shown to react 
only with intrinsic factor. Results obtained with rabbit anti-lgG. anti-lgA. anti-IgM, ami k 
chain, and anti \ chain antisera (Behring Diagnostics, Woodbury, N.Y.) were conlirnied wiih 
purified anii-IgG. anti-IgM, and anti-Kab antisera prepared in rabbits.t 

Immune reactions were identified by change in Scphadcx gei clution of the ^'Ca-B,2 bound to 
the binding protein in question, always comparing the pattern to a control run in which the antigen 
was incubated with inactive serum instead, and by autoradiography of immunoelectrophorctic or 
Ouchtcrlony immunodiffusion plates to delect radioactive arcs. In these .studies, free Co-B,2 
was first removed by treating the sera with hemoglobin-coated charcoal pellets. Antibody absorp- 
tion studies used pure IgGt and TC fractions prepared as above. Incubation at room tempera- 
ture and then at 4*C was followed by centrifugalion lo remove precipitated complexes before use. 

In studies of pH elTeci, sera were acidified lo pH 3 with 0.2 S HCI. or alkalinizcd to pH 10 
with 0? N NaOH, and rencntr:ili/ed afler I hr. To test temperature sensitivity, sera were 
heated to 56°C for I hr and then cooled. In all cases, sera were not saturated with ^'Co-B,, 
until afterward in order to avoid misinterpreting "Co-Bjj release from binders as denaturation. 
Gel chromatography was then done to ascertain the effect of the procedures on the individual bind- 
ing proteins. 

The various TC fractions were incubated with neuraminidase, type VI (Sigma Chemical Co., 
Si. Louis. Mo.) or in 5 guanidine HCI to determine their efrecl. After dialysis at 4'C, the 
samples were saturated with "Co-B,2 and subjected lo gel chromatography and cellulose acetate 
electrophoresis. 

in vitro mediation of ^^Co-Bi2 uptake by rciiculocyte-rich red cell suspensions was tested 
by the method of Relief et al,^^ When ^^Co-B| 2 -saturated TC fractions were used, the fraction 
volumes were adjusted so that each presented the same amount of bound ^'Co-B,2 to the cells. 

In vivo clearance of vitamin B,2 was determined after injection of a subsaturating dose of 
0.21 of sterile ^'Co-B,2 into a forearm vein. Informed consent was obtained from the pa- 
tieni for the study. Venous blood was drawn from the opposite arm at timed intervals. The 
clearance curve may be compared to a normal one obtained in a previous study by Carmel and 
Herbert"* and by others,'***'^'* Some of the limed scrum samples were also chromaiographed on 
Sephadex gel to determine which binders carried the ^'Co-B|2. 

RESULTS 

Serum Vitamin B,2 and UBBC Levels f Fig. I } 

The patient's initial vitamin B,2 level was 21,980 pg/ml and UBBC was 49,530 
pg/ml. The bulk oFhis UBBC (71";;, or 35,400 pg/ml) consisted of an abnormal 
binder. The patient's UBBC and abnormal binder levels were the same in 
plasma anticoagulated with EDTA NaF as in serum. The extremely high serum 
levels fell with clinical improvement, but at no time became normal. The lowest 
vitamin Bt2 level recorded was 1222 pg/ml (day 262) and the lowest UBBC was 
2889 pg/ml (day 1480). With each clinical relapse vitamin B,2 and UBBC values 
rose, though peak levels were progressively lower each time. While TC II was 
also elevated and its rise and fall adhered to the above pattern, the most dra- 
matic fluctuations were in levels of the abnormal binder. TC II level exceeded 
that of the abnormal binder only during clinical remissions. 



•Provided by Dr. Robert H. Allen, Washington University School of Medicine, St. Louis, Mo. 
tProvided by Dr. Donald I. Feinstein, USC School of Medicine. Los Angeles, Calif. 
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Fig. 2. Sephodex G-200 gel 
fiUfOtion of the patient's serum 
from day 586. Elution of binders 
without ^'Co-Bi3 is compared 
with the usuol etution of binders 
carrying *'Co-B|j. The abnormal 
binder elutes between void vol- 
ume and TC I. 
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Vitamin B,2 was also assayed in one serum microbiologically.* The result was 
comparable to that of our radioassay ^ (5056 versus 4162 pg/ml), demonstrat- 
ing that the high levels were not due to radioassay artifact. 

Characterization of the Abnormal Vitamin B,2-binding Protein 

Sephadex gel chromatography (Fig. 2). The binder eluted between void vol- 
ume and TC I, giving a calculated Stokes radius of 7.8 nm. Comparable to the 
findings of others/** TC I had a Stokes radius of 5.2 nm and TC 11 of 2,8 nm. 
The abnormal binder was present even in serum chromatographed without 
^'Co-B,2 (Fig. 2), indicating that it did not represent aggregation induced by 
vitamin B,2. However, its binding capacity was thereby reduced 58%, suggesting 
the binder^s partial stabilization by vitamin B12. TC II was unchanged by 
chromatography without ^'Co-B,2. 

Cellulose acetate electrophoresis. The binder migrated as a fast 7-globulin, 
coming just behind TC II (j3-globulin). Free "Co-B,^ migrated as a slow 
7-globulin. 

Reaction with anti-binder antisera. Anti-TC II antiserum caused the binder 
to shift to the void volume on Sephadex G-200 gel chromatography (Fig. 3). 
The reaction was confirmed by autoradiography of Ouchterlony plate immuno- 
diffusion, the abnormal binder giving a radioactive precipitin line of identity 
with TC II against anti TC II antiserum. The abnormal binder showed no reac- 



* Euglena gracilis assay performed in the laboratory of Dr. Charles A. Hall, V.A. Hospital, 
Albany, N.Y, 



Material may be protected by copyright law (Title 17, U.S. Code) 



992 



CARMEl ET At. 



Void TCI TCH 
▼ ▼ ▼ 



SERUM ♦RABBIT ANTI-TCI 
ANTISERUM 



160 - 



Fig. 3. Effect of rabbit onH-TC II anti- 
serum on the patient's binders. Both TC 
II and obnormal binder are shifted to 
void volume en Sephadex G-200 gel fil- 
tration after incubotien with anti-TC II. 

tion by either technique with anti-salivary R binder or anti -intrinsic factor 
antisera. 

DEAE'Cellulose separation and {N.H4hS04 precipitation. The abnornnal 
binder eluted from DEAE-ccllulose with 0.06 M phosphate bulTcr, pH 6.3, and 
was precipitated in 2 A/ (NH4)2S04. In both these screening methods of frac- 
tionation it resembled TC II and would therefore not have been differentiated 
from normal TC IL 

Other physicochemical and biochemical properties. The binding capacity of 
the abnormal binder was destroyed by heating and by acidification but was 
unaffected by alkalinization, generally resembling TC II in all of these features. 
Dialysis against 5 M guanidine-HCI converted most of the abnormal binder to 
TC II, TC II itself being unaffected by such treatment. Sephadex gel elution in 
low ionic strength buffer (0.01 M phosphate, pH 6.3) decreased both the abnor- 
mal binder and TC II greatly. The decrease was partly due to the shifting of 
both into the void volume fraction and partly to their retention within the gel. 
TC !I from normal serum behaved similarly, as also found by Hom,*' whereas 
TC I was unaffected. Freezing and thawing of serum with use over several 
months caused a progressive decrease of the abnormal binder and a slight in- 
crease of TC II, suggesting partial dissociation to TC II and partial destruction 
of the abnormal binder. Normal serum, similarly handled, had only a slight de- 
crease in binding capacity. Neuraminidase did not affect the elcctrophoretic 
mobility or Sephadex gel elution of the abnormal binder or of TC II (in contrast 
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Fig. 4. Autoradiograph of immunoelectropho- 
retic reaction of the patient's serum with various 
robbit anti-immunoglobulin antisero. The arcs 
represent ^^Co-&|2 radioactivity, which serves as 
a marker for the reaction with binders. The 
troughs, which are very faint, contoin from top 
to bottom: anti-whole serum antiserum (Wh), 
anti-IgG antiserum (G), anti-lgA ontiserum (A), 
anti-IgM antiserum (M), anti-x chain antiserum 
(K), and anti— A chain ontiserum (L). The wells 
(outlined circles) contain patient's serum (s) 
and normal control serum (n) in an alternating 
pattern. Normal serum reacts only with anti- 
whole serum, probably representing a TC tl- 
anti-TC II reaction. 



K 
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to its effect on TC I). Heparin and EDTA, when added to serum, had no effect 
on Sephadex gel elution of the abnormal binder or TC II. 

Immunoglohulin characterization. The abnormal binder reacted only with 
rabbit anti-IgG, anti-ic chain, and anti-A chain antisera on immunoelec- 
trophoresis (Kig. 4), but not with anti-IgM or anti-lgA antisera. Identical 
results were demonstrated with Sephadex gel filtration. In addition, the binder 
reacted with anti-Fab antiserum in the latter system, whereas unimmunized 
rabbit scrum had no effect on the binder. Identical results were demonstrated 
in serum provided to us by Dr. Henrik Olesen (Bispebjerg Hospital, Copen- 
hagen, Denmark) from a patient with antibody to his own TC II due to therapy 
with depot preparations of vitamin B,2. 

In a preliminary report of our findings,"*' we had mistakenly interpreted our 
patient's binder as not reacting with anti-IgG antiserum. The reasons for that 
initial impression were (I) presaturating anti-IgG antisera with nonradioactive 
vitamin Bi^ in order to saturate their own vitamin B)2-binding proteins and then 
treating with a coaled charcoal pellet greatly diminished their subsequent reac- 
tion with the abnormal binder, and (2) reaction with the abnormal binder could 
be blocked not only by absorbing the anti-IgG antiserum with human IgG, but 
also by absorbing with TC II. The explanation for the first set of findings 
remains unclear but was due entirely to the charcoal treatment. Whatever the 
cau.se, anti-Fab reaction was not similarly blocked, suggesting that the prob- 
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lem was peculiar to only some antisera. The block of anti-IgG reactivity by 
TC II absorption turned out to be due to the unexpected contamination of the 
normal TC II fraction by IgG fragments. Thus, TC II prepared from an 
agammaglobulinemic patient did not block anti-IgG reaction with the abnor- 
mal binder. Furthermore, TC II iUelf did not react with the anti-IgG antiserum, 
indicating that the antiserum was not contaminated with anti-TC II. 

Binding of endogenous vitamin Bj2- More than 80% of the patient's endog- 
enous vitamin B^j was carried in the abnormal binder peak on ge! chromatog- 
raphy. TC I. which normally carries most vitamin B,2, carried only 15% 20%. 
The rest was bound to TC II. DEAE-cellulose fractionation confirmed these 
findings. 

Binding avidity. The abnormal binder appeared to bind vitamin B,2 more 
avidly than did TC II. When subsalurating amounts of *^Co-B,2 were added to 
serum in which the abnormal binder constituted 79% and TC II 21% of the 
UBBC, the abnormal binder bound 96% of the ^'Co-B.^ and TC II only 4%. 

Effect of the patient's serum on other binders. The patient's serum was pre- 
saturated with nonradioactive vitamin B,2 lo prevent simple transfer of ^'Co-B,2 
from test sera to his abnormal binder. Incubation of the patient's serum with 
various sera or with normal TC II consistently shifted the TC II to the abnor- 
mal binder peak (Fig. 5). His serum had no such effect on TC I, salivary R 
binder, or intrinsic factor. Nor, incidentally, did his serum react with rabbit 
"TC II/' the predominant vitamin B,2-binding protein in rabbit serum which 
behaves like human TC II on Sephadex gel filtration. Other sera, used as con- 
trols, had no effect on TC II or TC I. nor did the patient's granulocyte extract. 

In another set of experiments, the patient's serum was first filtered through 
Sephadex G-150 gel. Each eluate fraction was then incubated with normal 
TC 11 labeled with ^^Co-B,2. The mixtures were each rechromatographed and 
the amount of TC II shifted to the abnormal binder position was quantitated. 
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Fig. 5. Effect of the po- 
lient'ft serum en normal TC II 
(Sephadex G-150 gel chroma- 
tography). Lack of effect of 
normol serum on TC II is 
shown as a control. Both sera 
were first saturoted with non- 
rodioactlve vitamin B13 in or* 
der to ovoid the possibility of 
transfer of the '^Co-B|2 from 
TC II to their binding proteins. 
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Table 1 . Mediation of Vitamin B^j tiptake by Reticulocytes 



Percent of Added ^^Co-B,2 Token Up 



Whole serum 
Normal serum 

Chronic myelogenous leukemic serum 
Potienf s serum 



TC fractions 
Patient's TC lit 
Patient's abnormal binder 
Chronic myelogenous leukemic TC I 
Saline 



5.4 
2.8 
2.0 

Experiment A Experiment B* 



9.0 
2.4 
1.7 
2.7 



3.6 
2.4 
1.2 



*ln this set of experiments, the differences in endogenous content of (nonradioactive) vitamin B,; 
among the vorious TC froctions was neutrolized by prior addition of nonradioactive vitamin B12 
to the fractions. Thus the vitomin 8,2 contents as well as the UBBC of TC II and abnormal binder 
in these experiments were identical. The result was a decreose in TC ll-mediated uptake, yet TC II 
still promoted uptake better thon did the abnormal binder. (The values given represent the averoge 
of three experiments.) 

fin a separate experiment normal TC II wos shown to behave identically. 

Peak-shifting ability was found within that elution area of the patient's serum 
corresponding to his abnormal binder. The shifting effect was less in serum ob- 
tained during clinical remission when vitamin B,2 and UBBC were also lower 
and appeared to parallel those levels. Serum repeatedly frozen and thawed lost 
its ability to shift normal TC II. 

Mediation of ceil uptake (Table I), The patient's serum mediated uptake of 
"Co-B,2 by human reticulocyte-rich red blood cells in vitro poorly. Using 
binder fractions isolated by gel chromatography, his TC 11 was shown to be- 
have normally, whereas his abnormal binder did not. This difference was only 
partly due to the difference in endogenous vitamin Bjj content between the two 
binders (Table I, experiment B). The patient's serum mediated "Co-B,2 uptake 
by HeLa cells poorly too.* 

Other Vitamin B,2'hinding Proteins of the Patient 

Other than its quantitative increase, the patient's TC II behaved normally 
electrophoretically, immunologically, on Sephadex gel chromatography, in 
mediating cell uptake of "Co-B,2, and by carrying virtually no endogenous 
vitamin B,2. TC I levels were never elevated and on gel filtration TC I was often 
obscured by the other two peaks. Only 1 5% -20% of the patient's vitamin B,2 
was carried by TC I in a serum whose vitamin B,2 content was 3027 pg/ml. 

The UBBC of two saliva specimens was 75.8 and 67.5 ng/ml (normal is 
21-1 10 ng/ml) and was composed entirely of the normal R binder, as demon- 
strated immunologically, electrophoretically, and by gel fihration. The UBBC 
of two leukocyte extracts was 2.6 and 2.9 ng/ 10** cells (normal is 2.6-36.6 ng/IO** 
cells). The binder behaved like R binder by the same criteria as above. Urine 



♦Performed in ihc laboratory of Dr. Charles A. Hail, V.A. Hospital, Albany, N.Y. 
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Fig. 6. Kinetics of ''Co-B,j in vivo. The sJow cleoronce may be compored to a normal 
pottern deuribed previously,^ " '' The omount of *'Co-B,2 injected was token as the 100% 
value. As is usually the ^ase, no more thon 71.3% wos ever recovered even though blood was 
drown o$ eorly as 1 min after Injection. No radioactivity was found in urine at any time. This 
study was done near the end of the patient's second hospitalixation (day 682), when the patient 
showed greet subjective improvement ond weight gain but only slight improvement in his chest 
x-ray. His serum vitamin By^ level was 1222 pg/ml and his UBBC was 4540 pg/ml, 45% of which 
was his abnormal binder. 



UBBC was negligible (0 -46 pg/ml). Abnormal binder was not found in any of 
these preparations. 

Clearance oJ ^^Co-Bf. In Vivo 

The patient cleared an intravenous tracer dose of ^^Co-B,^ slowly (Fig. 6). 
The pattern was comparable to that seen in some patients with chronic myelog- 
enous leukemia.^'*-*'' After 4 hr, 49.3% of the original dose was circulating; after 
3 days, 15.6% was still left. Normally the values are <]0% and <5%, respec- 
tively. Furthermore, this study was done at a time when his binder abnor- 
malities were in partial remission, suggesting that clearance may have been even 
more abnormal during relapse. The timed serum samples were also chromato- 
graphed on Sephadex gel (Table 2). His abnormal binder carried 45% of the 
"Co-B,2 initially and declined slowly; *^Co-B,2 bound to his TC II, surprisingly, 
also declined slowly. There was a relative increase in his TC I binding of the 
tracer dose after the first hour, but TC I still carried only 21% of the remaining 
"Co-B,2 even after 7 days. 



Tobte 2. Sephadex G-200 Gel Froctionation of Timed Serum 
Specimens Obtained During the In Vivo Cleorance Study 




Time of Sample 



Abnormal Binder 



TCI 



TC II 



1 hr 
4hr 
24 hr 



7 doys 



360 
196 
131 
55 



51 
67 
39 
28 



381 
257 
114 
53 
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Miscellaneous 

No evidence for vitamin B,2 deficiency was found by testing the patient's 
urinary excretion of methylmalonic acid on two occasions.* The megaloblastic 
morphological changes, seen only initially, were apparently due to nutritional 
folate deficiency as suggested by low serum folate levels. 

The patienl*s mother, the only relative available for study, had normal serum 
vitamin B,2 and UBBC levels. Her serum was unable to shift normal TC 11 to 
form abnormal binder. Sera from five patients with tuberculosis (before or dur- 
ing antituberculous therapy), cachexia, and liver disease, and from two patients 
with hypergammaglobulinemia were also tested. Although most had moderate 
elevations of serum vitamin B,^ and some of TC 11, none had the abnormal 
binder seen in our patient and none could shift normal TC II. 

DISCUSSION 

The great elevation of UBBC and attendant retention of large amounts of 
vitamin B,, in our patient's serum were found to be due to his elaboration of a 
circulating antibody to his own TC II. The resultant complex- the ^'abnormal 
binder" -was found only in his serum, and was absent from secretions such as 
saliva and from granulocyte extract. 

The fact that the binder contained TC 11 was demonstrated immunologically 
and by its dissociating to TC M and no other TC. In addition, the binder be- 
haved like TC 11 in its DEAE-cellulose elution, precipitation in 2 A/ ammonium 
sulfate, acid and heat denaturation, behavior on gel filtration in low ionic 
strength buffer, and in not being an*ected by neuraminidase. Many of these 
properties are noteworthy because they indicate that routine screening of sera 
by various commonly used methods would not reveal the presence of this ab- 
normal binder. 

Several authors have described apparent complexing and dissociation of 
TC II with various manipulations in vitro ' This phenomenon would not 
explain our patient's binder since its molecular size was quite difTerent from 
those reported, and in reproducing one of these studies'*^ we could not alter the 
binder's behavior with heparin or EDTA. Most importantly, the abnormal 
binder was obviously present in vivo, and its extent may even have been under- 
estimated due to dissociation in vitro. Such dissociation (even a single pass of 
the complex through a Sephadex gel column produced a small TC II peak), in- 
cidentally, may explain the apparently prolonged persistence of ^'Co-B,2 bind- 
ing by *'free'' TC II in the clearance study in vivo. 

The antibody component of the abnormal binder was a polyclonal IgG. In- 
terestingly, the antibody differed from that produced in rabbits by immuniza- 
tion with human TC II in several respects: their sites of attachment to TC II 
were different, and rabbit anti-TC II formed a larger complex with TC II which 
eluted with the void volume fraction on Sephadex G-200gel chromatography. 



•Performed in the laboratory of Dr. Lewis A. Barness, University of South Kloridn College of 
Medicine. Tampa. Fla. 



Material may be protected by copyright law (Title 17, U.S. Code) 



998 



CARMEL ET AL. 



Our patient's antibody bound TC II whether or not the latter was carrying 
vitamin B,2, although whether avidity was greater for saturated or unsaturated 
TC il was not clear. The binding site for antibody on TC II was competitive 
neither with its ability to bind vitamin B|2, since the isolated complex could 
bind further vitamin B,2, nor with its ability to react subsequently with anli- 
TC II made in rabbits. However, ability to deliver vitamin B,2 to cells in vitro 
appeared impaired by the antibody and clearance in vivo of vitamin B|2 was 
abnormal. These findings suggest that the antibody interfered with the TC II 
site for attachment to cells. 

If one calculates molecular size from gel filtration, the patient's binder com- 
plex corresponded to 230,000-250,000 daltons, suggesting that each IgG mole- 
cule bound two TC II molecules, the molecular weight of TC 11 being 38.000 by 
gel filtration. The apparent dissociation of TC II from antibody in 5 A/ guani- 
dine-HCI suggests that antibody bound TC II noncovalently. 

The antibody in our patient appears to be identical to that found in 29% of 
Danish patients with pernicious anemia treated with long-acting vitamin B|2 
preparations.^** ^' Our patient is unique in that his antibody appeared to arise 
de novo since he at no time received even cyanocobalamin injections, let alone 
the long series of injections of the special preparations given the Danish pa- 
tients. The antibody level and the vitamin B,2 and UBBC levels rose with each 
exacerbation of his infectious illness, the nature of which remains unclear, and 
the concomitant malnutrition. The infection may have stimulated the general 
production of antibodies, or possibly antibody to the invading organism cross- 
reacted with TC II. Il is interesting that in one of the Danish patients a sec- 
ondary rise in vitamin B12 and UBBC levels coincided with a severe urinary tract 
infection.^' Our patient's hepatic dysfunction did not correlate directly with the 
course of his abnormal binder. Nevertheless, relation of liver disease, and pos- 
sibly the hypergammaglobulinemia associated with it, to this antibody must 
also be considered. While the complex contains immunoglobulin, its nature, of 
course, may not be that of true antibody formation and interaction with an 
antigen. Alternatively, specific autoantibody may have been stimulated by a 
subtle alteration of TC II or by impairment of normal vitamin B12 metabolism 
or transport. 

Interestingly, despite evidence of abnormal transport, no evidence of vitamin 
B,2 deficiency could be found in our patient, though subtle or selective cellular 
deficiency may have remained undiscovered. The closest analogy may be to 
patients with chronic myelogenous leukemia who, because of TC I accumula- 
tion, also have large amounts of vitamin B,2 circulating which are. poorly de- 
livered to tissue.^^ Yet cellular depletion of vitamin B,2, as measured by the 
"deoxyuridine suppression" test,^ has not been found in one such randomly 
chosen leukemic patient (R. Carmel, unpublished data). The Danish patients 
have also had no apparent evidence of vitamin B,2 deficiency resulting from 
their antibody.^ The presence of some TC II unbound by antibody may be 
sufficient for adequate vitamin B12 delivery to cells. 

Olesen et ^\}*'^ have suggested that everyone may have minute amounts of 
anti-TC II antibody in the serum. However, such a finding would be unex- 
pected in the normal state. We have been unable to demonstrate even small 
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amounts of antibody in several normals, treated and untreated pernicious 
anemia patients, and other subjects tested by gel filtration and by elTect of their 
serum on TC II. However, careful search in our laboratory has uncovered other 
antibody TC complexes. Two patients were found to have antibody to their 
TC I, apparently arising de novo.^' It is clear that immunoglobulin complexes 
with various TCs may be much more common than heretofore suspected. Since 
most screening methods of vitamin B,2-binding protein fractionation may be 
misleading, as we have demonstrated, identification will obviously depend on 
the use of appropriate techniques. 
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The Effect of Rho(dium and Copper Analogs of Cobalamin on Human 

Cells in Vitro' 
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Rhodium and copper analogs of various cobalamin s have been found to produce an 
anti-vitamin B,x effect in bacteria, leading us to see if similar inhibitory activity could 
be demonstrated for human c<^lls. The analogs competed effectively with cyanocobala- 
min for binding by human serum transcobalamins. Methylrhodibalamin and 5'-deoxy- 
adenosylrhodibalamin also competed with cyanocobalamin for serum-mediated uptake 
by human blood cells and bone marrow cells, though the competition was relatively 
weak when compared to the effective competition for transcobalamin II binding. None 
of the analogs affected normoblastic bone marrow cells, using deoxyuridine suppression 
of [*H]thymidine incorporation into DMA as the index of vitamin B^^ sufficiency. In 
fact, methylrhodibalamin actively corrected the abnormality in vitamin Bij-deficient 
bone marrow. However. 5'-deoxyadenosylrhodibalamin worsened the vitamin Bu-defi- 
cient behavior of megaloblastic bone marrow and inhibited its correction by vitamin 
B,2 and may even have adversely afTected one of the five normoblastic marrows tested. 



The preparation of rhodium and copper 
; analogs of vitamin B12 has been previously 
;;described (1-3). In those studies, a weak 
antimetabolite activity toward vitamin B12 
:::was demonstrated by the ability of the 
J analogs to suppress growth of Lactobacil- 
llus leichmanii (ATCC 7830) and Esche- 
Irichia coli 113-3. 

The present study was aimed at deter- 
; mining whether such analogs had a simi- 
lar effect on human cells. Since the two 
metabolic steps known to require vitamin 
B,2 in man, 5-methyltetrahydrofolate: ho- 
mocysteine methyltransferase and meth- 
ylmalonyl-CoA mutase, involve methylco- 
balamin and 5'-deoxyadenosylcobalamin, 
respectively (see Ref. 4 for a review), the 
rhodium analogs of those two cobalamins 

* A part of this study appeared in preliminary 
form in the Program of the 19th Annual Meeting, 
American Society of Hematology, Boston. Massa- 
chusette. 1976, p. 211. 

' Address all correspondence to Dr. Carmel at 
the University of Southern California School of 
Medicine, 2025 Zonal Avenue, Los Angeles. Califor- 
nia 90033. 



were of particular interest. Of the rhodium 
analogs, the methyl and 5'-deoxyadenosyl 
forms had also shown the greatest effect 
in bacteria (3). An in vitro marrow culture 
system (5, 6) was used in which vitamin 
B12 deficiency is identified by the resulting 
inability of deoxyuridine to normally sup- 
press the subsequent incorporation of 
[^HJthymidine into DNA. As established 
elsewhere (5, 6), the defect reflects the 
dependence of deoxyuridine monophos- 
phate conversion to thymidine monophos- 
phate on 5,10-methylenetetrahydrofolate, 
which becomes unavailable in folate defi- 
ciency or. secondarily, in vitamin B|2 defi- 
ciency. 

The binding of the analogs by human 
serum vitamin Bi2-binding proteins and 
their uptake by human marrow cells and 
reticulocyte-rich red blood cell suspensions 
were also studied. 

MATERIALS AND METHODS 

Methylrhodibalamin. 5' - deoxyadenosylrhodiba- 
lamin, chlororhodibalamin, hydroxyrhodibalamin. 
and cupribalamin were prepared- as previously de- 
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scribed (1-3) and lyophilized. On the day of the 
experiment, the appropriate analogs were dissolved 
in 0.9% NaCK In only a few cases were experi- 
ments done on previously dissolved analogs; these 
had been stored in the dark at -2Q°C for less than 
1 week. Despite the relative stability of methyl- 
rhodibalamin and 5'-deoxyadenosylrhodibalamin in 
light compared to their corresponding cobalamins 
(3), all analogs were kept in foil-covered tubes and 
all experiments were carried out in an unlighted 
room. Cyanocobalamin, methylcobalamin, and 5'- 
deoxyadenosylcobalamin were obtained from -Sigma 
Chemical Co., St. Louis, Missouri. Solutions of fhe ' 
latter two cobalamins were prepared in the dark on 
the day each was to be used in the marrow experi- 
ments. ['"Colcyanocobalamin (^'Co-CNBij),'' of 15 
^iCiZ/xg specific activity, and I^HIthymidine, of 19 
mCi/;i.g specific activity, were obtained from Amer- 
sham/Searle Corp.. Arlington Heights, Illinois. 

Serum binding. One-half milliliter of normal 
serum (vitamin B,2-binding capacity = 1.2 ng/ml) 
was incubated with varying concentrations of ana- 
logs and 2 ng of "Co-CNB,2 for 30 min. Afterward, 
unbound '^'Co-CNB,^ was removed by the addition 
of hemoglobin-coated charcoal (7). Percentage inhi- 
bition of "Co-CNB,.j binding due to the analogs was 
determined by comparison with the amount of ""Co- 
CNBfi bound when no analogs had been added to 
the serum. In one set of experiments, the analogs 
were incubated with serum for 15 min before the 
addition of '^'Co-CNBij. In several cases, inhibition 
of "Co-CNB,j binding to the specific vitamin B,2- 
binding proteins was also determined by chromato- 
graphing the above mixtures on Sephadex G-200 
gel as previously described (8) using 0.1 m Tris-l m 
NaCl, pH 8,6. 

Uptake by cells. Heparinized blood was obtained 
from subjects without megaloblastic anemia, whose 
reticulocyte counts exceeded 10%. The blood cells 
were washed and suspended in 0.9% NaCl contain- 
ing 10 mM CaClj as described by Retief et al. (9). 
Either 1 or 10 ng of either methylrhodibalamin or 
5'-deoxyadenosylrhodibalamin was incubated for 30 
min at 22X with 1 ml of autologous serum or with 1 
ml of phosphate-buffered sodium chloride, pH 7.4, 
as indicated. Then 1 ng of ^'Co-CNB,^ was added 
and incubated for 30 min at 37''C, followed by the 
addition of the red blood cell suspension and a 
further 30-min incubation at 37°C. After washing of 
the red blood cells with cold 0.9% NaCl, the radio- 
activity retained by the cells was determined. In 
one experiment, aspirated normoblastic bone mar- 
row cells were substituted for peripheral blood cells. 
In all cases, results were compared to "Co-CNBu 
uptake by the cells in identical flasks from which 



* Abbreviation used: "Co-CNB,2, [*'Co]cyanoco- 
balamin. 



only the analogs had been omitted. 

In vitro deoxy uridine suppression test using boti^ 
marrow culture. The culture technique was a slight 
modification of the method of Metz et at. (6). Bone 
marrow aspiirates from various patients were ob- 
tained during clinically indicated procedures. Si v. 
eral of the studies were done on patients who wtTe 
vitamin Bi-j-deficient (untreated pernicious anemia 
with low serum vitamin B,2 levels, normal serum 
folate levels, and megaloblastic blood morphology). 
The rest of the marrow studies were all done on 
normoblastic marrow aspirates obtained from pa- 
tients with normal serum vitamin Bi^, and folate 
levels. The marrow was aspirated into Hank's salt 
solution which had been buffered with Tris to pH 
7.3 and heparinized. All subsequent handling prior 
to incubation, including washing the cells, breaking 
up the clumps by straining through a 25-gauge 
needle, and mixing in 2:1 buffered Hank's solu- 
tionrautologous scrum, was done at 4"C. 

Each experiment involved an untreated set of 
tubes as well as sets to which various combinations 
of analogs. 0.2 fxg of cyanocobalamin, 50 p.g of 
pteroylglutamic acid, 50 p.g of 5-methyltetrahydro- 
folic acid, and 10"'* m methotrexate were added. 
Each set consisted of two pairs of triplicate tubes. 
After cell counts were done, equal volumes of the 
washed marrow suspension were added to each tube 
(along with ferrous ammonium sulfate if there was 
iron deficiency) and incubation was carried out for 
15 min at 22''C. To one of the two pairs of triplicates 
in all sets of tubes was then added 0.1 ml of 0.5 
deoxyuridine; to the second, "baseline" pair of trip- 
licates, 0.1 ml of buffered Hank's solution was added 
instead. One hour of incubation at 37*'C was followed 
by the addition of 1 /iCi of I'HJthymidine to every 
tube and incubation for 3 h (in later experiments, 2 
h of incubation was shown to give identical results) 
at 37°C. The reaction was terminated by adding 
cold 0.9% NaCl and, after washing the cells, lysis, 
DNA extraction with cold 10% trichloroacetic acid, 
and liquid scintillation counting of the radioactivity 
of the dissolved precipitate were all carried out as 
described by Metz et al. (6). Experiments in our 
laboratory indicated that significant deoxyuridine 
suppression of subsequent f^Hlthymidine incorpo- 
ration into DNA occurs in normoblastic cells as 
described by others (5, 6). Only 10% or less of 
"baseline" f'Hjthyraidine incorporation occurred in 
the presence of deoxyuridine ("residual [''Hlthy mi- 
dine incorporation"). In contrast, a megaloblastic 
defect was indicated by impaired deoxyuridine sup- 
pression, i.e.. more than 20% "residual l^Hjthymi- 
dine incorporation". We would also like to empha- 
size that each set involving an additive or manipu- 
lation (e.g., each vitamin, analog, or inhibitor 
added) requires its own ['Hjthymidine incorpo- 
ration "baseline" determination. Because of the var- 
iability of PHlthymidine incorporation in each set- 
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• ^ng, deoxyuridine suppression with additives or 
iVtiianipulations may be erroneous if it is calculated 

by extrapolation to the entire experiment from a 
...jjngle "baseline" determined for the untreated set 
'.'i^ tubes only. 

RESULTS 

:;. Serum binding. All four rhodibalamin 
rianalogs and cupribalamin almost com- 
:!pletely inhibited binding of subsequently 
idded "C0-CNB12 by normal serum (87- 
$1% inhibition). Sephadex gel chromatog- 
raphy showed that the three analogs so 
'■ tested (5'-deoxyadenosylrhodibalamin, hy- 
droxyrhodibalamin, and cupribalamin) af- 
fected all of the vitamin Bia-binding frac- 
tions. Figure 1 shows, for example, the 
result when 2 ng of hydroxyrhodibalamin 

• bad been preincubated with 1 ml of serum. 
: Table I quantitates the inhibition 

caused by varying amounts of methylrho- 
dibalamin and 5'-deoxyadenosylrhodi- 
balamin when added simultaneously with 
5'Co-CNBj2. At equal amounts by weight 
(i.e., 2 ng), the two rhodium analogs in- 
hibited more than 50% of "Co-CNBi-i bind- 
ing. 



TABLE I 

Competition for Serum Binding between 
Rhodibalamin Analogs and *'Co-CNB,j 



; 0. ictut* 



o 

800 

z 
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Fig. 1. Effect of hydroxyrhodibalamin on trans- 
cobalamin binding of ^^Co-CNB,^. The inhibition of 
all vitamin Bu-binding protein fractions by this 
analog is representative of all such experiments: 
the various analogs inhibited 90-98% of subsequent 
: transcobalamin I and transcobalamin III binding of 
• "Co-CNB,2 (peak I) and 86-95% of subsequent trans- 
; cobalamin II binding (peak II). The normal, but 
■.still unidentified, binding protein eluting with the 
: void volume showed 38-81% inhibition (peak V^). 



Amount of 

analog 
added (ng) 



Percentage inhibition of serum 
binding of 2 ng of "Co-CNB„ by 

Methylrhodi- 5'-Deoxyaden- 





balamin 


osylrhodi- 
balamin 


1 


47 


57 


2 


65 


69 


5 


82 


86 


10 . 


86 


93 


20 


89 


94 


50 


94 


95 



Uptake by blood cells, Methylrhodi- 
balamin and 5'-deoxyadenosylrhodiba- 
lamin gave similar results (Table II). De- 
spite the fact that both were added before 
•"C0-CNB12, they inhibited buffer-me- 
diated uptake of "^To-CNBii weakly, 
whether 1 or 10 ng of analog was used. 
Since buffer-mediated uptake probably 
represents a nonspecific, mass-action phe- 
nomenon (9), this weak inhibition is not 
surprising. As is usual (9), '^^Co-CNEji 
uptake by red cells was greater in the 
presence of serum than in the presence of 
buffer. The serum-mediated uptake was 
also inhibited by analogs to a greater 
degree than was buffer-mediated uptake 
(Table II), However, inhibition was less 
than would be expected from the appar- 
ently equivalent affinity of the analogs 
with "Co-CNB,2 for serum binding pro- 
teins, particularly since analog was incu- 
bated with serum prior to the addition of 
"Co-CNB,.,. Thus, while >95% of the se- 
rum-binding proteins were carrying ana- 
log instead of ^^Co-CNBi2, the inhibition 
of "Co-CNBia uptake did not approach 
this value. 

In one experiment, marrow cells were 
substituted for peripheral blood cells. Se- 
rum-mediated uptake was again only 
mildly inhibited by 10 ng of analog (28% 
inhibition by methylrhodibalamin and 
24% by 5'-deoxyadenosylrhodibalamin). 

In vitro deoxyuridine suppression test 
using normoblastic bone marrow (Table 
III). In none of the experiments did any of 
the five analogs tested induce a vitamin 
B,2-deficient pattern. Varying concentra- 
tions of the analogs had no effect on the 
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residual [^HJthymidine incorporation into 
DNA. Though 5'-deoxyadenosylrhodibala- 
rnin did appear to have some effect in one 
experiment, raising residual [=*H]thymi- 
dine incorporation from 7% to the interme- 
diate value of 15%, the effect was not seen 
in other experiments at the same and 
higher concentrations of this analog. 

In vitro deoxyuridine suppression test 
using vitamin B x-rdeficient bone marrow. 
As expected (6), cyanocobalamin at least 
partially corrected the high residual 
[^H]thymidine incorporation characteris- 
tic of megaloblastic bone marrow, as did 
pteroylglutamic acid. Methylrhodibal- 
amin and S'-deoxyadenosylrhodibalamin 
were the two analogs tested in tHis set 
of experiments. Methylrhodibalamin be- 



haved just like cyanocobalamin in all; 
bone marrow culture experiments (Fig. 2). : 
When methylrhodibalamin was added si- 
multaneously with cyanocobalamin or^ 
with pteroylglutamic acid, it neither in- 
hibited nor further enhanced the correc- = 
tive effect of either vitamin. The behavior !, 
of methylrhodibalamin is similar to that 
of methylcobalamin, which behaved just 
like cyanocobalamin in our system and 
reduced residual [^HJthymidine incorpora- 
tion in a vitamin Bij-deficient marrow . 
from 45 to 25%, compared to a reduction 
to 28% by cyanocobalamin. 

Unlike methylrhodibalamin, 5'-deoxy. j 
adenosylrhodibalamin did not improve the i 
megaloblastic marrow abnormality. In 
fact, the abnormality was worsened by 



TABLE 11 

Inhibition of Uptake of "Co-CNB,2 by Reticuux^ytks upon Preincubation with 
Methylrhodibalamin and S'-Deoxyadenosylrhodibalamin 

Percentage inhibition of "Co-CNB,j 
uptake by 



Methylrhodi- 
balamin 



5'-Deoxyadenosyl- 
rhodibalamin 



Buffer-mediated uptake 

1 ng of analog + buffer + 1 ng of 
10 ng of analog + buffer + 1 ng of 


"Co-CNB.j 
"Co-CNB„ 


8 11 1 

19 13 1: 


Serum- mediated uptake 

1 ng of analog serum + 1 ng of 
10 ng of analog -i- serum + 1 ng of 


"Co-CNB,, 
"Co-CNB,, 


? 

16 21 I 
80 80 1 


TABLE III I 
Effect op Analog on the Deoxyuridine Suppression Test in Normoblastic Bone Marrow Cultures 1 


Analog 


Amount (^g) 


Percentage residual I'Hjthymidine in- | 
corporation" f 


5'-Deoxyadenosylrhodibalamin 


0.01 
10 
100 


11 (10) } 
8 (8); 15 (7); 11 (10) 

10 (10) 1 


Methylrhodibalamin 


10 
100 


9 (7); 5 (8); 6 (10); 5 (6) 1 
7 (10) 1 


Hydroxyrhodibalamin 


10 
100 


7 (7); 6 (8) 1 
12 (10) 1 


Chlororhodibalamin 


10 
100 


6 (7); 5 (8) 1 
10 (10) 


Cupribalamin 


10 
100 


I 

7 (7); 8 (8) 1 
10 (10) 1 



" Numbers given in parentheses are the corresponding percentage residual [*H]thymidine incorporation 
values for "untreated" marrow cells (i.e., without added analog) for each experiment. 
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lual pHlthymidine incorporation 
experiment. 



Fig. 2. Effect of methylrhodibalamin on vitamin 
■ Bj^-deficient bone marrow in vitro. In bone marrows 
• J and 2, 10 ;ig of methylrhodibalamin was used. In 
bone marrow 3, 140 fxg was used. Incidentally illus- 
trated is the better correction of the vitamin B„- 
. deficient marrow 'defect by pteroylglutamic acid 
than by vitamin B|2, as noted by others (6, 10). The 
/three marrows were obtained from patients whose 
serum vitamin B^ levels ranged from 33 to 94 ng/ 
liter (normal = 150-900), hemoglobin levels ranged 
from 8.1 to 11.7 g/dl, and serum folate levels ranged 
from 9-4 to 100 /xg/liter (normal = 5-25). 

this analog even when cyanocobalamin 
was also added (Fig. 3). This inhibition 
stands in contrast to the corrective effect 
of 5'-deoxyadenosylcobalamin on a vi- 
tamin Bia-deficient marrow, where resid- 
ual I=*H]thymidine incorporation was re- 
duced from 23 to 17%. 

DISCUSSION 

Our in vitro studies of normoblastic hu- 
man bone marrow showed that none of 
the analogs induced a vitamin B,2-defi- 
cient pattern. In fact, methylrhodibalamin 
was able to correct the abnormality in 
vitamin B,2-deficient marrow. Thus, 
methylrhodibalamin behaved like meth- 
ylcobalamin in this respect in man (10), a 
finding that contrasts with its anti-vi- 
:tamin B,2 effect in bacteria (3). However, 
5' -deoxyadenosylrhodi balamin demon- 
strated an anti- vitamin By^ effect in hu- 
man marrow cells. While it did not effect 
normoblastic marrow cells in four of five 
experiments, this analog clearly worsened 
the abnormality in vitamin Bja-deficient 
cells. Furthermore, it strikingly neutral- 
ized the corrective effect of cyanocobala- 
min on the vitamin B, .^-deficient cells. 
Thus, 5'-deoxyadenosylrhodibalamin be- 
haved in human cells like it did in bacteria 
(3) and stands in contrast to 5'-deoxyaden- 



osylcobalamin, which has been shown 
here and by others (10) to have a corrective 
effect resembling that of cyanocobalamin 
in the human marrow culture system and 
which is hematologically effective when 
given to vitamin Bi2-deficient patients 
(11). Although the rhodium analogs were 
tested separately in different marrows, the 
differences between the methyl and 5'- 
deoxyadenosyl forms of rhodi balamin were 
consistent and were qualitatively, not just 
quantitatively, different from each other. 
Their divergence in results stands in sharp 
contrast to the consistent pattern of correc- 
tion by all forms of cobalamin tested. 

All of the rhodium analogs tested com- 
peted well with cyanocobalamin for bind- 
ing by serum vitamin Bi^-binding pro- 
teins, there being no difference evident 
between transcobalamin I and transcobal- 
amin II in this respect. Since these pro- 
teins appear to bind vitamin B,a along the 
edge of the B ring in the corrin portion 
with some overlap to the adjoining part of 
the dimethylbenzimidazole moiety (12), a 
metal substitution for the central cobalt 
would not be expected to affect binding 
significantly. However, despite the equiv- 




BOC MARROW 1 



eONE MARROW 2 



Fig. 3. Effect of 5'-deoxyadenosylrhodibalamin 
on vitamin B^-deficient bone marrow in vitro. In 
bone marrow 1, 20 fig of 5*-deoxyadenosylrhodi- 
balamin was used; in bone marrow 2, 100 /xg was 
used. Note that this analog worsened the marrow 
defect even in the presence of cyanocobalamin, 
which is otherwise corrective. Incidentally shown 
with bone marrow 2, the marrow defect is not 
corrected by 5-methyltetrahydrofolic acid, as ex- 
pected (6) and in contrast to pteroylglutamic acid 
(Fig. 2). These two marrows were obtained from 
patients whose serum vitamin B,2 levels were 42 
and 86 ng/liter. hemoglobin levels were 10.8 and 8.2 
g/dl, and serum folate levels were 100 and 23. R figl 
liter. 



Materia! may be protected by copyright law (Title 17, U.S. Code) 



140 



CARMEL AND KOPPENHAGEN 



alent affinity for binding by transcobala- 
min II, which is the carrier that mediates 
vitamin B,.^ uptake by human cells (9), 
subsequent uptake by blood cells and bone 
marrow cells appeared to be less efficient 
for the rhodium analogs tested than for 
cyanocobalamin. Nevertheless, with the 
comparatively greater amounts of 5'-deox- 
yadenosylrhodibalamin used in the bone 
marrow deoxy uridine suppression test (20- 
100 vs 0.2 fxg of cyanocobalamin), compe- 
tition of the analog for uptake by the cells 
must have been great. However, interpre- 
tation of effective uptake competition must 
still be cautious since cell uptake is not 
necessarily equivalent to entry into the 
cell across the membrane. Herbert com- 
mented in his review (4) on the apparent 
discrepancy between uptake and entry for 
5'-deoxyadenosylcobalamin. Nevertheless, 
while some of the anti- vitamin Bj2 activity 
of 5'-deoxyadenosylrhodibalamin may yet 
conceivably result from transport interfer- 
ence, metabolic competition with vitamin 
B,2 beyond that step seems implicated. 
The substitution for the central cobalt 
with rhodium appears to dramatically al- 
ter the behavior of this coenzyme, and the 
analog may prove a useful tool in studying 
vitamin B12 metabolism in man. 

It is interesting that a similar rhodium 
substitution in methyl cobalam in does not 
similarly affect its behavior in human 
cells. From the corrective effect of methyl- 
rhodibalamin in vitamin Bia-def cient 
marrow cells one might speculate that this 
compound can substitute for methylcobal- 
amin as a methyl group carrier in the 
5-methyltetrahydrofolate:homocysteine 
methyltransferase of human bone mar- 
row, whereas in the same system such a 
function of vitamin B,2 is inhibited by 5'- 
deoxyadenosylrhodibalamin. While trans- 
port differences between these two rho- 
dium analogs are not completely ruled out, 
they appear unlikely since they behaved 
similarly in our binding and uptake stud- 
ies. Studies with enzyme extracts of bone 
marrow are indicated to prove this as- 
sumption. 

That methylrhodibalamin had an inhib- 
itory effect on the growth of E. coli (3), 
presumably by inhibiting its methylcobal- 
amin-dependent methyltransferase, is an 



intriguing paradox whoso contrast with 
the analog's corrective effect in a similar 
metabolic step in our human marrow sys- 
tem is unexplained. It should also be noted 
that 5'-deoxyadenosylrhodibalamin was 
the inhibitory analog in human marrow 
DNA synthesis and had a greater inhibi- 
tory effect than methylrhodibalamin in £. 
coli; both systems require methylcobala- 
min as coenzyme (4, 13). In contrast, L. 
leichmanii , which requires 5'-deoxyaden- 
osylcobalamin for its ribonucleotide reduc- 
tase (4, 13), was inhibited by methylrho- 
dibalamin much more than by 5'-deoxy- 
adenosylrhodibalamin (3). Our findings 
thus demonstrate that the central metal 
as well as the particular coenzyme form 
are crucial in the behavior of vitamin B, ,. 
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Metabolism of Cyonocobalamin by H210 Leukemic Lymphoblasts (38813) 
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The cellular uptake of vitamin B-12 is a 
calcium-dependent process mediated by two 
of the recognized protein binders of vitamin 
B-12, gastric intrinsic factor (IF) and plasma 
transcobalamin II (TCII). Although the 
mechanism of transmembrane transport re- 
mains obscure there is evidence in a number 
of systems that the entire protein B-12 
complex may enter the cell. 

Pletch and Coffey (1) studied the uptake 
of Vitamin B-12 by rat liver in vivo after 
intracardiac injection of radiolabelied vita- 
min. They noted that intracellular B-12 was 
associated with a protein having the same 
molecular weight as TCII and suggested 
pinocytosis of the TCII-B-12 complex. 
Newmark (2) studied B-12 localization in 
fractionated rat kidney and also proposed 
entrance of TCII-bound B-12 by pinocytosis. 
Toporek et al. (3) observed that hog intrinsic 
factor facilitated B-12 absorption by isolated 
perfused rat liver with subsequent transfer 
of the vitamin to bile. The B-12-containing 
bile facilitated absorption of vitamin B-12 
in a second perfused liver. This observation 
suggested cellular uptake of a protein B-12 
complex in view of the fact that bile per se 
does not enhance liver uptake of vita- 
min B-12. 

We have previously investigated the up- 
take of Vitamin B-12 from plasma employ- 
ing an in vitro system of isolated murine 
L-1210 leukemic lymphoblasts (4). The ma- 
jority of the B-12 taken up by the cells was 
found in the cytoplasmic soluble phase 
bound to a protein having the physical prop- 
erties of TCII and the capacity to deliver 
B-12 to fresh L-1210 cells. This observation 
was consistent with the possibility that the 
entire TCII B-12 complex enters the cell. 
We have furthered these observations in the 
present study by investigating the fate of 
vitamin B-12 after uptake by L-1210 cells. 

Materials and Methods, Cell preparation. 
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Propagation and isolation of L-1210 lympho- 
blasts has previously been described (4). 
Cells were extracted in normal saline 6 days 
after intraperitoneal injection of 10* L-1210 
cells into female BDFi mice. The intraperi- 
toneal exudate was centrifuged (1650g for 
10 min) and any contaminating erythro- 
cytes removed by brief exposure to hypotonic 
saline. The cells were then washed twice with 
Fischer's medium for leukemic cells of mice 
(GIBCO 147 :G, Grand Island Biological 
Company, Grand Island, NY) made 10-W 
in CaCli (Fischer 's-CaCU). A 4% (packed 
cell volume) suspension in Fischer's CaCU 
was kept at 4°C (5-15 min) prior to use. 
Stained smears of the cells demonstrated 
99%-100% L-1210 lymphoblasts which 
excluded trypan blue for up to 6 hr at 37^. 

Plasma preparation. Human EDTA 
plasma (Vacutainer, BD4739) was obtained 
from a healthy donor. The unsaturated B-12 
binding capacity (UBBC) was determined 
by adding an excess (3 ng/ml) of "Co B-12 
(Amersham/Searle Corp., sp act 50-150 
mCi/mg), followed by dialysis against nor- 
mal saline or gel filtration on Sephadex G-25 
(UBBC 1.5 ng/ml). 

Endogenous L-1210 B-12 binding protein. 
Approximately 10* L-1210 cells in Fischer's 
CaCU were disrupted with 50 double strokes 
in a Dounce glass homogenizer and clarified 
by centrifugation. The clear cellular homog- 
enate (20 ml) was concentrated to 2 ml by 
ultrafiltration employing an Amicon UM-10 
membrane. To this concentrated sample 
was then added 1 ng of "Co B-12. After 30- 
min incubation at 37°C, an aliquot (0.5 ml) 
was subjected to gel filtration on Sephadex 
G-25. The remaining sample was incubated 
in duplicate with 10^ L-1210 cells at 37°C 
for 2 hr as previously described (4). Normal 
saline and recalcified human plasma served 
as controls. 

Cell uptake. Approximately 10^ L-1210 
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i t : cells in Fischer's CaCla were incubated with 
|v 10 ml recalcified human plasma subsatu- 
I rated with 10 ng "Co B-12 for 2 or 6 hr 
i; at 37**C. The cells were then separated and 
pi - washed three times with 10-W EDTA- 
: normal saline, suspended in distilled water, 
I disrupted with 50 double strokes in a Dounce 
; :; glass homogenizer, and clarified by centrifu- 
i ! gation. The incubation supernatants and 
\j\ clear cellular homogenates were then di- 
alyzed overnight against distilled water. 
Plasma subsaturated with ^^Co B-12 (1 
! Dg/ml) was incubated in the absence of 

cells to serve as a control, 
j :! Extraction and separation of cobalamins. 
I ; Cobalamins were extracted from the dialyzed 
|: incubation supernates, cellular bomoge- 
|V : nates, and controls by the hot ethanol pxo- 
\ : cedure described by Andstrand and Stahl- 
^ berg (5) as modified by Linnell et al. (6). In 
brief, each sample (20 ml) was mixed with 
I absolute ethanol (80 ml) and heated to 80°C 
p. for 20 min. The mixture was then cooled in 
^: an ice bath and filtered. Alcohol was re- 
I moved from the filtrate in a rotary evapo- 
I rator gradually increasing the temperature 
f from 25**C to 40°C. The aqueous residue was 
I then washed three times with ether (20-ml 

1^ aliquots) and residual ether was removed by 
evaporation. The aqueous residue was then 
added to phenol containing 15% water 
(80 ml) and shaken vigorously. The aqueous 
l;: phase was removed and the phenol layer 
i;: washed three times with water (2b-ml ali- 
I quots). The phenol layer was then mixed 
i v with acetone (70 ml) and ether (210 ml) 
[■ and shaken with water (10 ml) for extraction 
|:i of the cobalamins. The aqueous phase was 
| ; ■ then washed three times with equal volumes 
of ether. Residual ether was removed by 
|: evaporation. The samples were further con- 
centrated by evaporation to a final volume 
li; of 1 ml. The extracted cobalamins were then 
p: separated by chromatography on SP-Sepha- 
| : dex C-25 as described by Tortolani et al, (7), 
1;:; The ion exchanger was initially equilibrated 
|; with sodium acetate buffer (0.05 Af, pH 5.0) 
followed by repeated washing on the column 
|| with distilled water. All samples were co- 
|;v chromatographed with a mixture containing 
||, : 100 ^g each of cyanocobalamin, adenosyl- 
cobalamin, methylcobalamin (all Calbio- 
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chem), and hydroxycobalamin (Sigma) 
standards. 

The optical density of each fraction was 
scanned between 365 and 335 nm, a range 
chosen to encompass the X max of each 
standard. The radioactivity of each fraction 
was determined in an automatic well scin- 
tillation counter (Nuclear- Chicago Model 
1185) calibrated with "Co B-i2 samples of 
known activity. All incubation, extraction, 
and separation procedures were carried 
out in the dark or with a red safelight to 
prevent photolytic degradation of B-12 
analogs. 

Results and Discussion, We have previ- 
ously demonstrated that L1210 leukemic 
lymphoblasts take up vitamin B-12 when it 
is bound to plasma TCII (4). After homo- 
genization of the L1210 cells the majority of 
the vitamin B-12 was in the cytoplasmic solu- 
ble phase apparently still bound to TCII al- 
though the possibility that the cells contained 
an endogenous TCII-like protein was not 
excluded. Preliminary experiments in our 
laboratory (unpublished data) indicate that 
isolated mitochondria demonstrate enhanced 
uptake of vitamin B-12 bound to TCII. A 
portion of such TCII bound vitamin B-12 is 
converted to coenzyme form by isolated 
mitochondria. In the present study we have 
investigated the fate of protein-bound vita- 
min B-12 after incubation with intact L-1210 
cells. 

Endogenous L-1210 B-12 binding protein. 
In an attempt to demonstrate the possible 
presence of endogenous B-12 binders with 
the characteristics of TCII in L1210 cells, 
cellular homogenates were incubated with 
vitamin B-12 and subjected to gel filtration 
on Sephadex G-25 as well as incubation 
with fresh L1210 cells. These experiments 
demonstrate that none of the radioactive 
B-12 was protein bound after such incuba- 
tion (Fig. 1). Furthermore, the cellular 
homogenate contained no substances able to 
deliver radioactive B-12 to fresh L1210 cells 
(Table I). Thus, L1210 cells do not appear 
to contain vitamin B-i2 binding proteins 
in the cytoplasmic soluble phase, nor does 
the homogenate enhance vitamin B-12 up- 
take in fresh cells. 

Cellular conversion of cyanocobalamin. 
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Fig. 1. Elution from Scphadcx G-25 of a homoge- 
nate of L-1210 cells preincubated with 1 ng "Co-Bi, 
(column size 0.9 X 25 cm, sample size 0.5 ml, fraction 
size 1 ml, eluant 0.5 Af NaCl, flow rate 6 ml/hr). The 
clear separation of the OD 280 (A) from the radio- 
activity (0) demonstrates lack of protein binding. 

TABLE I. "Co B.12 Uptake by L-1210 Cells 





Uptake 


Media** 


(pg B,t/10' cells) 


L-1210 homogenate 


1.1 


Saline 


1.0 


Human plasma 


18.0 



« All incubation media contain 10"' M CaCh . 

L-1210 cells were then incubated for 2 and 
6 hr with "Co B-12 bound to human plasma. 
Dialysis of the incubation supernate and 
cellular homogenate resulted in negligible 
loss of radioactivity again suggesting that 
the vitamin B-12 remains protein bound. 
After hot ethanol extraction the various 
cobalarains were separated on SP-Sephadex 
C-25. A typical elution profile is shown in 
Fig. 2. The percentages of each of the co- 
balarains present in the 2- and 6-hr incuba- 
tion supernates, cellular homogenates, and 
the plasma control are presented in Table 11. 
Plasma bound B-12 incubated in the absence 
of cells was found to remain entirely in the 
cyano form. After 2-hr incubation with 
L1210 cells, however, approximately 6% of 
the B-12 was converted to other forms. After 
6 hr approximately 10% was converted. 



Adenosylcobalamin is the major conversion 
product at 2 hr with methylcobalamin ap- 
pearing in increased quantities at 6 hr. Peters 
and Hoffbrand (8) demonstrated conversion 
of cyanocobalamin to adenosylcobalamin 
in the guinea pig ileum and presented evi- 
dence that this conversion occurred in mito- 
chondria. In their experiments approximately 
20% of the vitamin was converted to a co- 
enzyme form but a large proportion of the 
cyanocobalamin was absorbed unchanged. 
After 48 hr of incubation with LI 210 cells 
in tissue culture, DiGirolamo et aL (9) found 
that added cyanocobalamin had been con- 
verted to adenosyl B-12 (36 %), hydroxy-B-12 
(28%), and methyl-B-12 (6%), while 30% re- 
mained in the cyano form. Our results 
after short-term incubation in vitro show 
similar trends, although no hydroxycobala- 
min was detected in our samples. This B-12 
form may occur only after prolonged incu- 
bation, or may have resulted from hydrolysis 
of other forms in the tissue-culture experi- 
ment (9). 

The presence of coenzyme forms of B-12 
bound to protein in the incubation medium 
indicates counter transport of converted 
B-12 from the interior of the cell. Cell counts 
done before and after incubation remained 
unchanged suggesting that converted B-12 
does not appear in the incubation medium 
because of cell lysis. Schneider et al. (10) 
studied the fate of highly purified human and 
rabbit TC-II in vivo. They found that labeled 
TC-II disappeared rapidly from plasma due 
to clearance by a variety of tissues. Labeled 
small-molecular-weight protein fragments 
soon appeared in the urine. A portion of the 
B-12 which had been bound to the labeled 
TC-II was found to reenter the circulation. 
These in vivo observations are entirely con- 
sistent with our in vitro studies which suggest 
entry of the entire TC-II cyanocobalamin 
complex with subsequent extracellular reap- 
pearance of coenzyme forms of the vitamin. 

Conclusions, In our previous experiments 
(4) we demonstrated that LI 2 10 leukemic 
lymphoblasts were capable of taking up 
vitamin B-12 when bound to transcobalamin 
II. Intracellular B-12 was also found to be 
bound to a protein with the characteristics 
of TCII. In the present study we have demon- 
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Fig. 2. Radioactivity (A) and OD max, 365-335 nm (9) profile of the hot ethanol extract of a homogenate 
of L-1210 cells which had been incubated for 6 hr with TCII-bound "Coxyanocobalamin. The extract was 
chromatographed with nonradioactive cobalamin standards on SP-Sephadex C-25 (column size 0.9 X 20 cm, 
sample size 2 ml, eluant 60 ml distilled water followed by 100 ml 0.05 Af acetate buffer, pH 5.0. Cobalamin stand- 
ards included tyanocobalamin (CN), methylcobalamin (CHj), adenosylcobalamin (adenosyl), and hydroxyco- 
balamin-(OH). 

TABLE II. Percentage of Each Form of Protein Bound B-12 Present After 2 and 6 

Hours Incubation with L-1210 Cells. 





CN 


Adenosyl 


Methyl 


OH 


1 : Two-hour cell supernate 


94 


4 


2 


0 


V : Two-hour cell homogenate 


94 


5 


1 


0 


: . Six-hour cell supernate 


91 


6.5 


2.4 


0 


Six-hour cell homogenate 


90 


3 


7 


0 


Six-hour plasma incubation 


99-1- 


0 


0 


0 


(no cells present) 











strated that L-1210 cells do not themselves 
contain a TCIMike protein in the cyto- 
plasmic soluble phase. We have further 
demonstrated that a portion of this protein- 
bound B-12 has been converted to the 
adenosyl and methyl forms and that such 
coenzyme forms may be countertransported 
to the exterior of the cell. These observations 
are consistent with our original suggestion 
that the entire B-12 complex crosses the 
plasma membrane. TCII may deliver B-12 
to mitochondria where conversion to the 
coenzyme forms occurs. A portion of the 
converted vitamin appears to be transported 
out of the cell where it is free to recirculate. 
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DEFECTIVE LYMPHOID DEVELOPMENT IN MICE LACKING 
f AK-^ T Nosaka .* J. van Deursen .* R.A. Tripp .* W E. Thierfelder * 
ft A Witthuhn * A.P. McMickle/ P C Dohertv * G. Grosveld * 
fhlft . St Jude Children's Research Hospital. Memphis, TN. 

The Janus family protein tyrosine kinsases (Jaks) play a central role 
in signaling through cytokine receptors. While Jakl , Jak2. and Tyk2 are 
ubiquitously expressed. Jak3 is predominantly expressed in 
hematopoietic cells and uniquely associates with the common t chain of 
the IL-2, 4. 7. 9, and 15 receptors. To assess the role of Jak3, we 
generated a Jak3 null mutation by gene targeting in embryonic stem 
cells. Jak3-deficient mice showed profound thymic atrophy, and severe 
B-cell and T-cell lymphopenia similar to human severe combined 
immunodeficiencies (SCID). The total numbers of thymocytes and 
splenocytes from JakS^' mice were reduced 10- to 100-fold and 4- to 
10-fold relative to control littermates. respectively. Flow cytometric 
analysis of thymocytes from JakS^- mice showed decreased percentages 
of CD4'^CD8'*' cells in youngest mice at one week of age relative to 
controls, which increased to normal percentages with age. Thymocytes 
from JakS-^' mice failed to respond to ConA, or PMA plus anti-CD3. 
Histologically, the structure of the thymuses of mutant mice was 
normal and contained identifiable cortical and medullary areas. Flow 
cytometric analysis of splenocytes from yatr'- mice revealed the 
dramatic reduction in B220^ cells and relative increase of CD4 to CDS 
single poisitive cells compared to control littennates. Splenocytes from 
JakS^' mice failed to respond to ConA, or PMA plus anti-CD3, and the 
response to LPS was greatly reduced. Also the cells showed no STAT6 
DNA binding activity after IL-4 stimulation, while binding activity was 
readily detectable in control littermates. Bone manow.eells from JaJtr'- 
mice showed no response to LPS, IL-7, or both. The phenotype of 
J<A3^' mice is very similar to that observed in mice which lack the 
common y chain, the a chain of the IL-7 receptor, and IL-7, suggesting 
the importance of IL-7 receptor-mediated pathway for lymphoid 
development These findings support a critical, non-redundant role of 
Jak3 in common r signaling and lymphoid development The phenotype 
of /atHmice is consistent with a classification of SCID. The results 
therefore support the hypothesis that the mutations and absence of Jak3 
t in patients with SCID are sufficient to account for their 

* immunodeficiency. Jak3 deficient mice will serve as an important 

animal model for gene therapy of human SCID associated with Jak3 
deficiencies. 
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PHASE III RANDOMIZED STUDY OF ALL-TRANS RETINOIC ACID 
(ATRA) VS DAUNORUBICIN (D) AND CYTOSINE ARABINOSIDE (A) AS 
INDUCTION THERAPY AND ATRA VS OBSERVATION AS 
MAINTENANCE THERAPY FOR PATIENTS WITH PREVIOUSLY 
UNTREATED ACUTE PROMYELOCYTIC LEUKEMIA (APL). MJL 
lallman. J. Andersen. C.A. Schiffer . F R. Appelbaum. f.E. HvSKU W. G. 
Woods. A. Oyden. H. Weinstein. L. Shepherd. JM. Rawt. P H. Wiemik. for 
the ECOG, CALGB. SWOG, CCSG, POG and NCIC-CTG. Northwestern 
University Medical School, Chicago, IL and ECOG. Brookline. MA. 

Between April 1992 and February 1995, 401 pts with previously untreated 
APL were randomized to receive iixluction with either ATRA, 45 mg/mVday 
orally, or 1-2 cycles of conventional chemotherapy with D, 45 mg/mVday IV 
bolus days 1-3, plus A, 100 mg/mVday by continuous intravenous (IV) infiiaon 
days 1-7 (DA). All pts achieving complete remission (CR) were scheduled to 
receive two cycles of consolidation chemotherapy consisting of one cycle of DA 
followed by A, 2 gm/m' IV over one hour every 12 hours days M, plus D. 45 
mg/mVday IV bolus days 1-2. Pts on both arms were then randomized to 
receive either maintenance ATRA, 45 mg/mVday orally for one year, or 
(rfjservation (obs). Information is currently available for 327 pts randomized to 
DA or ATRA. Eight of 164 pis (5%) randomized to ATRA crossed to DA. 
The CR rate was 67% on each arm. There were 22/163 (13.5%) treatment- 
related deaths during induction with DA and 18/164 (11%) with ATRA (p= .50). 
Among pts achieving CR, with a median follow-up of 14 months, the estimated 
oiK-year disease-free survival (DPS) is 57% on the DA arm, with 43 relapses 
to date among the 94 pts; the estimated one-year DPS is 92% on the ATRA arm 
(p< .0001), with 11 relapses anwng the 98 pts. The estimated one-year overall 
survival (OS) from study entry for all 327 pts is 72% for DA and 82% for 
ATRA (not significanO- 156 pts were randomized to maintenance ATRA or 
obs, and to date 12 of 76 pts ^lAM of 80 pts have relapsed on maintenance 
ATRA and obs, respectively, with an estimated one-year DFS of 77% and 56% 
(p< .0001). Based on tnduction-»maintenance arms, there have been 8 relapses 
among 40 pts on DA-*ATRA, 4 among 36 pts on ATRA-*ATRA, and 5 of 40 
pts on ATRA-H>bs, all significantly (p< .00001) less than the 29 relapses among 
the 40 pts who never received ATRA (DA--K>bs). The estimated one-year DFS 
was 77% for DA-ATRA, 88% for ATRA-ATRA, 89% for ATRA-*obs and 
29% for DA-K>bs. These data demonstrate that ATRA does not lead to a higher 
CR rate or decrease in induction mortality compared to conventional 
chemotherapy, but exposure to ATRA either as induction or after CR is achieved 
is associated witfi an improved one-year DFS. 



487 

SUCCESSFUL TREATMENT OF X-LINKED RECESSIVE SEVERE 
COMBINED IMMUNODEFICIENCY (X-SCID) BY THE IN UTERO 
TRANSPLANTATION OF CD34 ENRICHED PATERNAL BONE MARROW 
CELLS. A.W. Flake .* J M. Puck .* G. Almeida-Porada, M. I, Evwi? .* Ml. 
leimson,* M-G. Roncarolo . and E.D. Zaniani . Childrcns Hospital of Michigan and 
Hutzcl Hospital. Detroit, MI; NCHGRmiH, Bcthcsda, MD; DNAX, Palo Alto, 
CA; and Department of Veterans Affairs Medical Center, University of Nevada, 
Rcno,NV. 

X-SCID is characterized by persistent infections, failure to thrive, lymphoid 
hypoplasia, absent mitogen response, hypogammaglobulinemia, and very low 
levels of T-lymphocytes. Current optimal treatment consists of early postnatal 
transplantation of HLA matched or T-cell depleted hoploindentical bone marrow. 
Although usually successful (75-90%), problems of graft failure, graft versus host 
disease (GVHD), and delayed immunolbgic reconstitution, continue to compromise 
'^ults. We report here the trcaUncnl of an X-SClD patient, after early prenatal 
<liagnosis, by the in utero transplantation of CD34 enriched paternal morrow. 
X-inoctivation analysis of matemol lymphocytes after the septic death of a 
previous male sibling at 7 months of age confirmed the mother to be a carrier of 
X>SCID. Chorionic villous sampling was performed at 1 1 weeks gestation of this 
P'^cgnancy and the male fetus was confirmed to carry the mutated X-chromosomc. 
After extensive non-directive counseling the parents elected to pursue prenatal 
transplantation. Paternal morrow harvest was performed and the cells divided into 
fhrce aliquots, two of which were cryopreservcd. The fresh morrow and, for later 
wjeciions cryopreserved morrow, was eiuiched by two passages throu^ CD34 
aflinity columns resulting in cell populations containing 99% CD34* cells and 
0. 1% CD3* cells. Three tronsplonts were performed at 16, 17.5, and 1 8.5 weeks 
gestation of 14.8 x 10*, 2 x 10', 1.8 x 10* cells respectively, by ultrasound guided 
uiu^peritoneol injection. The fetus was delivered by cesarean section at 36 weeks 
gestation because of fetal compromise by a double nuchal cord. Apgars were 8 
^ 9 and the ne\^'bom oppeored normal except for a mild macular rash. Analysis 
of cord blood revealed absolute lymphocyte counts in the normal range with 52% 
CD3* ceils. Molecular HLA analysis revealed a strong donor band of equal 
wicnsiiy to the host antigens. HLA analysis by flow cytometry confumcd the 
presence of mixed chimerism with 100% of the patients T-lymphocytes being of 
origin. In the first weeks of life the patients peripheral blood lymphocytes 
^'^bited normal mitogen and allogeneic responses and the rash completely 
j^lved with a short course of steroid therapy. At present the infant is clinically 
bealthy with nomial growth and no evidence of GVHD. In utero transplantation 
Spears to offer advantages over posmatol Uonsplontotion in the treatment of 
prcnatolly diagnosed X-SCID. In addition, this cose supports the application of in 
transplantation to selected other congenital hematopoietic diseases. 
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EPITOPE SraCIHC MONOCLONAL ANTIBODIES (mAbs) TO HUMAN 
TRANSCOBALAMIN U (TCII) CAN INDUCE APOPTOSIS BY INHIBmNG 
TOE CELLULAR UPTAKE OF COB ALAMIN(CW). EdHSCL^Jiuatafi.* 

Patricia McLoughlin.* Sheldon p. Rothenberg. A. Charics Mggaa.* Mananoa 

.Shikrw^fl-Wfllker * and Rov Wftlker.* Division of HematologyA^ncokigy, 
SUNY'Health Science Center and V.A. Medical Center. Brooklyn, NY; 
Receptagen Corpcfatxxi, Edmonds, WA and the Instinite for Biokigical Sciences, 
Natkmal Research Council, Ottawa. Canada 

Cellular uptake of Cbl is mediated by TCn. a Cbl binding proton in the 
plasma. The TCD-Cbl complex binds to a cell surface receptor and is internalized 
bycndocytosis. We have generated mAbs to human TCU and have identified (he 
following two types of mAbs with specificity for the two functk)nat domains of 
the protein. Type 1: Receptor blocking. This mAb binds holo TCD and inhibits 
the cellular uptake of Cbl by blocking the interaction of TCII with the membrane 
receptor. Type 2: Cbl blocking. This mAb binds apo TCII at or near the Cbl 
binding doinain and as a consequence, inhibits the formation of holo TCD. To 
deaxmine the effect of these anUbodies on TCD-receptor mediated cellular uptake 
of Cbl K562 cells were cultured in normal medium (DMEM + 10% PCS) 

supplemented with Ing of TCII bound [^^CojCbl per ml. Type 1 mAb was 

incubated overnight with the TCII-[^^Co]Cbl and then added to the culture. The 
type 2 mAb was incubated with apo TCII to form the m Ab-^ TCn complex. 

This complex and &ee {^ColCbl were thai added simultaneously to the culture. 

Uptake of (^ColCbl by K-S62 cells measured at 24. 48 and 72 b showed that (he 
type 1 mAb bkxrked (>95%) the uptake of Cbl throughout the culture period. 
The type 2 mAb caused a variable but lesser decrease in the uptake of Cbl. Under 
these expcriniental conditions, cell replication was not affected. IC562 cells in the 
above experiment were culbned in PCS which contains endogenous TCO thai 
does not crossicact with these mAbs. However, when (hese cells were adapted (o 
grow in 1% human senim containing methylfolate. homocysteine arx) either type 
1 or type 2 mAb tcr 10-14 days, only the cells cultured with type 1 mAb 
(receptor blocking) showed polongation of doutding time followed by apoptotic 
cell death as indicated by DNA strand breaks and apopto6c bodies in the nucleus. 
Sudi nuclear changes may be likened to the megaloblastic bone mamow (^served 
in CM deficiency. These experiments suggest thai type 1 mAb may down- 
regulate voofiasac cell growth by inducing cellular Cbl deficiency. Moreova. 
since this Cbl deficiency can be rapidly induced (in condast to nutritionally 
induced Cbl deftciency). these m^ nuiy be useful to characterize the selective 
biochemical disorder thai underlies the cellular and neundogical consequences ot 
Cbl deficiency. 
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ABSTRACT: Treatment of rats with hydroxycobalamin (c-lactam) (HCCL) , a 
cobalamin antagonist, results in both increased hepatic 
mitochondrial content and the development of defects in mitochondrial 
ubiquinol : cytochrome c oxidoreductase and cytochrome c oxidase. The 
present study was designed to evaluate changes in hepatic mitochondrial 
RNA contents in response to HCCL treatment in rats. After 2 weeks of HCCL 
treatment, hepatic contents of the mature mitochondrial mRNAs (expressed 
normalized to 28 S rRNA) encoding subunit H of cytochrome c oxidase (CO 
II), subunit 1 of NADH dehydrogenase (NDl) , and cytochrome b were reduced 
to values 40-60% of those observed in RNA from control liver tissue. In 
addition, HCCL induced a pronounced accumulation of high molecular weight 
RNA species which hybridized to mitochondrial probes and represented 
i polycistronic RNA sequences. The polycistronic RNAs were products of the 
1 heavy strand of the mitochondrial genome, and major species demonstrated 
i hybridization patterns consistent with identifications corresponding to 
; the 12-16 S rRNA, 12-16 S-NDl, 16 S-NDl, and CO II-ATP synthase subunit 6 
1 regions of the mitochondrial genome. Maximal expression of the 

polycistronic mitochondrial RNA was observed after 2 weeks of HCCL 
treatment. Thus, HCCL treatment interferes with mitochondrial RNA 
processing and decreases the content of mature mitochondrial mRNAs. 
Altered expression of the mitochondrial genome may be responsible for the 
decreased electron transport chain activity known to result from HCCL 
administration . _ 
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Treatment of rats with hydroxycobaEamin(c-Iactam] 
(HCCL), a cobalamin antagonist, results in both in- 
creased hepatic mitochondrial content and the develop- 
ment of defects in mitochondrial ubiquinohcytnchmme 
c oxidoreductase and cytochrome c oxidase. The present 
study was designed to evaluate changes in hepatic mi- 
tochondrial RNA contents in response to HCCL treat- 
ment in rats. After 2 weeks of HCCL treatment, hepatic 
contents of the mature mitochondrial mRNAs (ex- 
presAed normalized to ^ S rKNA) encoding subunit 11 of 
cytochrome c oxidase (CO H), subunit 1 of NADH dehy- 
drogenase (NDl), and cytochrome 6 were reduced to val- 
ues 40^0% of those observed in RNA from control liver 
tissue. In addition, HCCL induced a pronounced accu- 
mulation of high molecular weight RNA species which 
hybridized to mitochondrial probes and represented 
pclycistronic RNA sequences. The polycistrontc RNAs 
were products of the heavy strand of the mitochondrial 
genome, and m^jor species demonstrated hybridization 
patterns consistent with identifications corresponding 
to the 12-16 S rRNA, 12-16 S-NDl, 16 S-NDl, and CO 
Il-ATP synthase subunit 6 regions of the mitochondrial 
genome. Maximal expression of the polycistronic mito- 
chondrial RNA was observed after 2 weeks of HCCL 
treatment. Thus, HCCL treatment interferes with mito- 
chondrial RNA processing and decreases the content of 
mature mitochondrial mRNAs. Altered expression of the 
mitochondria] genome may be responsible for the de- 
creased electron transport chain activity known to re- 
sult from HCCL administration. 



Mitochondria are complex membrane-bound organelles 
which serve as the site of oxidative ATP synthesis in mamma- 
lian cells. Consistent with the importance of this biologic func- 
tion, cellular mitochondrial content is regulated according to 
tissue type and metabolic demand (1,2). Mitochondrial content 
appears to be governed primarily by the rates of synthesis of 
organellar components, especially proteins (3, 4), 
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Genes encoding mitochondrial proteins are contained in both 
the nuclear and mitochondrial genomes (3-5), and expression 
of mitochondrial proteins encoded by the two genomes is often 
coordinated (6). The mitochondrial genome is a circular double- 
stranded DNA(mtDNA)* of approximately 16.000 base pairs 
which encodes 13 polypeptides of the electron transport chain, 
and 22 tRNAs and 2 rRNAa to support mitochondrial protein 
synthesis (Fig. 1). Mitochondrial RNAs (mtRNA) are tran- 
scribed as polycistronic sequences derived from either strand 
(designated as heavy or light strands) of the mtDNA, but each 
strand contains only a single transcription initiation region 
(3-5). These mtRNA sequences are cleaved by ribonucleases 
which have been only partially characterized (4, 7) to yield the 
mature mRNA. rRNA, and tRNA sequences. Concordant 
changes in mitochondrial transcription and mitochondrial bio- 
genesis have been demonstrated under some (8, 9), but not all 
( 10), conditions. 

Use of the cobalamin antagonist hydroxycobalamin[c-lac- 
taml (HCCL) has provided a facile model of the human meth- 
ylmalonic acidurias (11. 12). HCCL administration to rats is 
also associated with hepatic mitochondrial proliferation as as- 
sessed by enzyme activities per g of liver or per hepatocyte ( 13). 
hepatocyte oxidative capacity (13), and ultrastructural mor- 
phology (14). In addition, liver mitochondria from rats treated 
with HCCL for 5 weeks manifested specific defects (per mg of 
mitochondrial protein) in the activities of the electron transport 
chain enzymes ubiquinolxytochrome c oxidoreductase and cy- 
tochrome c oxidase while other enzyme activities were normal 
(15). Thus, the HCCL-treated rat provides a model of altered 
mitochondrial expression. The present investigation tested the 
hypothesis that changes in hepatic mtRNA contents are asso- 
ciated with the HCCL-induced elevation in nutochundriai con- 
tent. 

EXPERIMENl. vL PROCEDURES 

Animals — Male Sprague-Dawley rats <200-360g initial weight) were 
used in all experiments. In vivo treatment of rats with HCCL was 
accomplished as detailed previously (11-13) by implantation of subcu- 
taneous osmotic minipumps (Alzet model 2002, Alza Corp.. Palo Alto. 
OA) which delivered 2 pg of HCCL/h for 2 weelis. An additional rat 
received a replacement HCCL-loaded pump ^.7 days after the initial 
implantation and was treated with HCCL for 5 weeks. IVeated rats 
were kept in individual wire-bottom metabolic cages for the duration of 
treatment as indicated in individual experiments, and control rata were 



' The abbreviations used are: mtDNA. mitochondrial DNA; mtRNA. 
mitochondrial RNA; HCCL. hydroxycobalaminlc-lactaml; CO II, sub- 
unit II cytochrome c oxidase; CYTb, cytochrome 6; NDl, subunit 1 of 
NADH dehj Jrogenase; CO 1. subunit I of cytochrome c oxidase; ATPase 
6. subunit 6 of ATP synthase; CO II-L, light strand sequence in the CO 
II region of the mtDNA; ATPase 6/8. subunits 6 and 8 of the ATP 
synthase; CO III, subunit III of cytochrome c oxidase; kb. kilobasels). 
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Fio. 1. Rat mitochondrial genome, A schematic representation of 
the rat mitochondrial genome ia presented based on the sequence anal- 
ysis of Gadaleta et al. (22). The order and relative sizes of the genes are 
indicated, willi * i indicating the position of the heavy-strand origin of 
transcription. Genes identified outside the circle are encoded by the 
heavy strand, whereas ND6 is encoded by the light strand. The arcs 
correspond to putative identification of polycistronic RNA sequences 
observed (see text). ND = NADH dehydrogenase subunits; CO = cyto- 
chrome c oxidase subunits; ATPase = ATP synthase subunits; and CYTb 
w cytochrome b, 

maintained in similar cages for a period of 2 weeks. Previous experi- 
ments comparing saline pump and non-pump implanted rats as control 
groups demonstrated no differences in parameters of interest (data not 
shown). All rats were permitted ad libitum access to drinking water and 
standard rat chow (Purina Mills, Inc., St. Louis, MO). 

All rats were killed at approximately the midpoint of their lights-on 
diurnal cycle by decapitation under ether anesthesia. Liver tissue was 
excised and immediately placed in liquid nitrogen. Tissues were stored 
at -70 *C until use. 

Biochemical Assays — Frozen liver tissue (20-^ mg) was prepared 
using a motorized glass-on-glass homogenizer in 1 ml of water (for 
citrate synthase assay) or 1 ml nf 0.2% IViton X-100 in 1 m ammonium 
hydroxide (for DNA quantitation). Citrate synthase activity was meas- 
ured by the method of Srere (16) and activity expressed per g of wet 
weight tissue. Total liver DNA content was measured by the method of 
Labarca and Paigen (17) using a bisbenzimidazole concentration of 10 
ng/ml. 

RNA Isolation and Analysis — Ibtal RNA was isolated from liver us- 
ing the guanidinium acid-phenol extraction method of Chomczynski 
and Sacchi (16) except that all precipitations were performed overnight 
at -20 °C. Liver tissue (approximately 100 mg) was weighed and ho- 
mogenized in 4 H guanidinium thio^yanate, 25 mM sodium citrate, 0.5% 
n-Iaurylsarcosine. 0.1 m 3-mercaptoethanol using a Polytron homog- 
enizer (Brinkmann Instruments, Westbury, NY) on a setting of 7 for 30 
B. RNA content in the final preparation was quantified based on ab- 
sorption at 260 nm, and preparations demonstrated ratios of absor- 
banco at 260 versus 280 nm of greater than 1.8. 

RNA was size-fractionated by electrophoresis in 1.0% agarose, 2.2 m 
formaldehyde horizontal gels run for 12-16 h at 15 V. RNA was trans- 
ferred onto Zeta-Probe nylon membranes (Bio-Rad) by capillary blotting 
according to the manufacturer's directions except that 20 x SSC (0.15 m 
sodium chloride, 0.015 m sodium citrate) was used at the bottom of the 
transfer container. The membrane was stained with methylene blue to 
verify efficient transfer ( 19) and fixed by baking at 1-2 h at 80 "C. The 
28 3 rRNA methylene blue-stained band was quantitated by reflectance 
densitometry. Membranes were then destained by agitation in 300 ml of 
0.2 X SSC, 1% sodium dodecyl sulfate (SDS) for 30 min. 

RNA membranes were probed by hybridization with ^P-labeled 
cDNA probes according to the directions of the membrane manufacturer 
(50% formamide protocol for cDNA probes, except 0.2 x SCC was used 
for the final wash; oligonucleotide protocol for ^P-labeled oligonucleo- 
tides). Hybridizing bands were visualized by autoradiography (XAR-5 
film, Eastman Kodak, Rochester, NY) or phosphorimaging (Phospho- 
rlmager. Molecular pynamics. Inc. Sunnyvale, CA). Quantitations of 
phosphorimaged bands was accomplished via pixel densitometry, using 
the Image Quant software package (Molecular Pynamics, Inc.). Quan- 
titction of bands of interest were normalized to the ^ S rRNA band 
from the same lane. Both reflectance densitometry and phosphorimag- 



ing were demonstrated to yield linear responses with respect to RNA 
loading in the range used for the current studies (data not shown). For 
re-use, membranes were stripped of probe by two consecutive 20-min 
incubations in 500 ml of 0.1 x SCC. 1% SDS at 95-100 ''C. Sizes of RNAs 
of interest were estimated based on standard curves derived from RNA 
markers (RNA ^•fWI, Boehringer Mannheim) by interpolation. Subse- 
quently during routine experiments, bands of interest were monitored 
on any gels without markers based on mobilities of the 28 and 18 S 
rRNAs as well as the band of interest. 

Probes— The cDNA probe for subunit H of cytochrome c oxidase (CO 
II) was isolated as the EcoHl-HindlU fragment from the Bluescript 
construct provided by C. M. Van Itallie (20). cDNA probes for 16 S rRNA 
and cytochrome b (CYTb) were prepared as the £coRI fragments of 
Bluescript constructs originally prepared by Howard Zalkin and sub- 
cloned by C. M. Van Itallie (21). The cDNA probe for subunit 1 of NADH 
dehydrogenase (NDl) was the BamHI fragment from plasmid pKSUl 
prepared by Durwood Ray (Memorial Medical Center Cancer Institute, 
Iblsa, Oklahoma). CO II, 16 S RNA, and CYTb probes were cloned from 
rat; the NDl probe was from mouse. cDNA probes were radiolabeled 
with 50 pCi of lQ-32PldCTP (3000 Ci/mmol; DuPont NEN) using a ran- 
dom-primer labeling kit (Oligolabeling kit, Pharmacia LKB Biotechnol- 
ogy Inc.). Approximately 50 ng of probe template was labeled for each 
hybridization experiment. Probe-specific acti^'ities were t>'pically lO"- 
10' dpm/Mg. 

Oligonucleotide probes were synthesized via the standard phos- 
phoramidite method in the Molecular Biology Core Facility, Case West- 
em Reserve University, Clevplnnd, OH Probes were designed based on 
the rat mtDNA sequence published by Gadaleta et al. (22). The 12 S 
rRNA probe corresponded to mtONA positions 540-501, the CO I probe 
6096-6057, the ATPase probe 8200-^161, and the COIl-L prx>be 7310- 
7349. For each hybridization, 10 pmol (approximately 120 ng) of oligo- 
nucleotide was labeled with 150 pCi of (y-^^PIATP (3000 Ci/mmol, Du- 
Pont N£N) using a 5'-end labeling kit (Promega, Inc., Madison, WI). 
Under these conditions labeling was approximately quantitative with 
probe-specific activities typically approximating that of the (v-''^PlATR 

Synthesis of /fCCt— Cobalamin(c-lactam| was synthesized by a 
modification of the method of Bonnet et al. (23). Briefly, cyanocobalamin 
(5 mg/ml) was dissolved in 0.1 n NaOH and incubated at 100 °C for 10 
min with constant aeration. The solution was then adjusted to pH 7.0 
with KH2PO4, evaporated under compressed air, and resuspended in 
water (2 mg^ml). The cyanocobalamin! c-lactam] was separated from 
starting material and other products using paper chromatography 
(Whatman 3 MM Chr) with a mobile phase of sec-butyl alcohol :ace tic 
acid:water (880:8.2:425, v:v:v) containing 5 mM KCN. The cyanocobala- 
min[c-lactam| band was then cut and the product eluted into 50 ml of 
H3O. This solution was filtered (0.2 ^m) and evaporated under vacuum 
to yield crystals. O>nversion to the hydroxy form (HCCL) was conducted 
as described by Dolphin (24). Formation of HCCL was confirmed by 
high-performance liquid chromatography and UV spectra (data not 
shown). The concentration of HCCL was estimated using the UV ex- 
tinction coefficient for cobalamin. 

Materials — Cyanocobalamin and acetyl-CoA were obtained from 
Sigma. Restriction enzymes were purchased from Life Technologies. 
Inc. All other reagents were of the highest grade available. 

Data Ami/ysi5— Numeric data are presented as mean ± S.D. V 
refers to the number of individual animals in each group. Student's 
two-tailed t test was used to compare control and HCCL-treated groups, 
withp < 0.05 considered statistically significant. Estimation of molecu- 
lar weights on Northern blots was done using a log (size) versus mobility 
(cm) linear standard curve based on the mobilities of the size standards. 

RESULTS 

Rats were treated with HCCL (2 jig/h by osmotic minipump) 
for 2 weeks. DNA content per g of liver, a sensitive marker of 
the nutritional status of the liver (25), was not affected by 
HCCL treatment (9.8 :t 0.9 versus 10.6 ± 0.6 pg/g in control and 
HCCL treated rats, respectively). In contrast, citrate synthase 
activity per g of liver was increased 30% by HCCL treatment as 
compared wiUi control rats (6.6 ± 0.3 versus 8.7 ± 0.9 ^mol/ 
min/g in control and HCCL-treated rats» respectively, p < 0.05), 
verifying the HCCL-induced increase in hepatic mitochondrial 
content (13). 

Tbtal RNA was extracted From the livers of the control and 
2-week HCCL-treated rats and Northern analysis performed 
for CO II mRNA, 16 S rRNA, NDl mRNA, and CYTb mRNA. 
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Fhi. 2. HefMiUc cunteni of milochondrial-encoded RNAs in 
2-week HCCLrtreated rats. Total RNA was isolated from liver ob- 
tained from individual control (n = 3) and 2-week HCCL-treatcd (n = 3> 
rats and Northern blot analysis conducted using a single gel for each 
probe. The 2S S rRNA content was quantified by reflective dcnG;Lomctr> 
and uRfid an a denominator for subsequent normalization of mature 
mtRNA transcripts. cDNAs for CO 11, NDl. CYTb, and 16 S rRNA were 
used to quantify the mature RNA transcript for each gene. Values 
plotted are the RNA contents (mean + S.E.) for the 2- week HCCL 
treated rats expressed as a percentage of the mean content in the livers 
from control rats. *, p < 0.05 versus control (unpaired comparison with 
n = 3 in each group). 

No differences were noted in the yields of total RNA isolated 
from control or HCCL-treated animals (data not shown). After 
2-week HCCL treatment, the abundance of mature CO II 
mRNA in liver was reduced to 56% of control contents (Fig. 2), 
and the contents of NDl and CYTb mature mRNAs were 48 
and 63% (respectively) of those in liver from control rats (p < 
0,05 for each of the three mRNAs). In contrast, the hepatic 
content of the 16 S rRNA was not altered by HCCL treatment 

The Northern blots utilized for the experiments summarized 
in Fig. 2 also demonstrated the appearance of bands corre- 
sponding to high molecular weight RNA species which hybrid- 
ized to the CO II, NDl, and 16 S probes (Fig. 3). The large 
RNAs detected by the CO II probe were approximately 1.6. 2.5. 
and 4.0 kb in length, and those hybridizing to 16 S and NDl 
probes were approximately 2.8 and 4.4 kb in each case (Table I. 
Fig. 3). A subset of these large RNAs could be visualized using 
RNA from control rats using long film exposures and increased 
RNA loading of the gels (data not shown). 

Mammalian mtRNA is synthesized as a large polycistronic 
sequence and processed by simple intergenic cleavage with no 
evidence for intron excision nor trans-splicing events (3-5). 
Thus, if the high molecular weight RNA fragments identified in 
liver from HCCL-treated rats are derived from the primary 
polycistronic mtRNA transcript, then they must consist of se- 
quences containing multiple contiguous open reading frames. 
Therefore, oligonucleotide probes corresponding to sequences 
flanking the CO 11 and 16 S genes (Fig. 1) were used to probe 
high-load (50 pg of total RNA/lane) Northern blots. The ATPase 
6 probe hybridized to two high molecular weight bands of 1.6 
and 2.5 kb (Table I). In contrast, the CO I probe hybridized only 
to the mature CO I mRNA. Thus both the 1.6- and 2.5-kb bands 
appear to contain sequence corresponding to the CO II and 
ATPase 6 genes. The 12 S rRNA probe detected RNAs of 2.8 and 
4.4 kb. and an NDl probe, also detected RNAs of 2.8 and 4.4 kb 
(Table I). An oligonucleotide probe against the light-strand 
RNA product in the region of the CO II gene (i.e. anti-sense to 
the coding sequence) detected no bands on the Northern blots. 



lb establish the time course for the HCCL-induced accretion 
of polycistronic mtRNAs, total RNA was isolated from the livers 
of control, 1-week, 2- week, and 5-week HCCL-treated rats and 
subjected to Northern analysis using the CO II. NDl. and 16 S 
probes. Ncne of the HCCL-induced polycistronic RNAs were 
detectable after 1 week of treatment (Fig. 4). All of the identi- 
fied polycistronic RNAs were again detected in RNA from 
2-week-treated animals, with no additional accumulation ob- 
served in comparison with 5- week-treated rats. 

DISCUSSION 

Expression of the mitochondrial genome plays a role in the 
regulation of mitochondrial content in mammals (3-5). Some 
models of mitochondrial proliferation, including administra- 
tion of thyroid hormone (21, 26), or dexamethasone (21) and 
exercise training (27), are associated with stimulation of 
mtRNA transcription. In contrast, hepatic mitochondrial pro- 
liferation in HCCL-induced methylmalonic aciduria is associ- 
ated with decreased mitochondrial mature mRNA content, but 
marked accumulation of polycistronic mtRNAs. 

In agreement with previous studies (13). the hepatic citrate 
synthase activity (a nuclear-encoded mitochondrial enzyme), 
was elevated 30% by 2 weeks of HCCL treatment. Despite the 
ongoing increase in mitochondrial content (documented to be 
progressive over 5 weeks of HCCL treatment. Ref 13), the 
hepatic content (normalized to 28 S rRNA or per total RNA) of 
mature mRNAs for CO II, CYTb, and NDl were reduced by 
40-60%. These decreases in mitochondrial mRNAs were spe- 
cific changes, as mRNAs for the nuclear-encoded proteins glyc- 
eraldehyde phosphate dehydrogenase, subunit Va of cyto- 
chrome c oxidase, or carnitine palmitoyltransferase II were not 
decreased by HCCL treatment (data not shown). In contrast 
with the mitochondrial mRNAs, 16 S rRNA expression was not 
affected by HCCL treatment. This may indicate that the ex- 
pression of the mitochondrial rRNAs is under a different set of 
controls from that of the mRNAs (28, 29) or reflect longer ki- 
netics of the rRNAs as compared with mRNAs (30). Thus, 
HCCL-treatment may not afFect initiation of transcription as 
reflected by the stability of the 16 S rRNA content, but may 
instead interfere with some process specific for expression of 
the mature mRNAs (either synthesis or stability). The content 
of mitochondrial rRNAs has been proposed as a m^or deter- 
minant of mitochondrial translation capacity (10). Consistent 
with this hypothesis and the observed lack of change in hepatic 
16 S rRNA content, translation capacities of hepatic mitodion- 
dria from 2-week-HCCL-treated and control rats do not differ 
(31). 

Two-week treatment with HCCL resulted in the hepatic ac- 
cumulation of high molecular weight mtRNA species which 
contained sequences corresponding to both open reading 
frames and rRNAs. Large molecular weight mtRNAs were also 
previously detected in hepatic RNA from HCCL-treated rats 
using the entire mouse mtDNA as a probe (13).^ Polycistronic 
mtRNAs have been documented previously (21, 32-34) and 
presumably represent partially processed precursors of the ma- 
ture RNAs (3-5. 33. 34). All of the HCCL-induced polycistronic 
RNAs evaluated are heavy-strand mtDNA products, as a light- 
strand probe failed to hybridize tu any identifiable band, 
whereas heavy-strand-specific oligonucleotide probes yielded 
strong signals (l^ble I). The hybridization signals generated by 
the mitochondrial probes used allows inferences to be made as 
to the possible identity of the mtRNAs. For example, both CO 
II and ATPase 6 probes identified a 1.6-kb RNA. As CO II and 



^ The speculated identities for the large mtRNAs suggested by Kra- 
henbuhl e< a/. ( 13) arc not supported by the current data and should not 
be confused with the systematic evaluation presented here. 
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Fig. 3. Northern blot detection of mitochondrial polycistronic UNA sequences in liver from 2-week HCCL-treated rats. Tbtal RNA 
was isolated from liver tissue obtained from control {lanes !, 3, and 5) and 2-week HCCL-treated ilanes 2, 4, and 6) rats and analyzed by Northern 
analysis. Each lane corresponds to RNA ( 10 jig) from an individual rat (same rats as in Fig. 2). Migration of 18 and 28 S rRNAs are noted on the 
right side in each panel. Size estimates noted on the left of each panel are from separate gels incorporating full series of molecular weight markers. 
A, probe: CO II cDNA, 18-h exposure. B, probe: 16 S cDNA, 24-h exposure (mature transcript region overexposed). C, probe: NDl cDNA, 5-day 
exposure. Note nonspecific hybridization to 18 and 28 S rRNAs in all lanes in C. 

Table I 

Hybridization of probes to polycistronic RNA itpecieft in HCCL-treated rrzis 
Hepatic total RNA from 2- week HCCL-treated rata was prepared and probed with cDNAs or oligonucleotides for 12 and 16 S rRNA, NDI, CO 
I. CO 11. ATPase 6. CYTb, and the light strand product in the CO II region (CO II-L). The presence of hybridization in all three animals tested at 
the molecular weights shown is indicated by a + and absence of hybridization by a - . The approximate mature transcript size for each gene is noted 
for refererice. "Mature" Indicates mature transcript present in this region. 

Mature trnn.'icript 

\2S, 16 S. NDl. CO I. CO II. ATPase H. C^Tb. CD ll-L. 
0.95 kb 1.6 kb 0.95 kb 1.6 kb 0.7S kb U.«5 Kb I.I kb none 

RNA size (kb) 



1.6 - Mature - Mature + + 

2.5 _--- + + 

2.8 + + + - - 

4.0 - - . - _ + 

4.4 + + + --- 



COI! 16S' NDl 




C11225 011225 C11225 



Fi(.. 4. Time couree of mitochondiriBl polycistronic RNA accumulation In HCCL-treated rats. Tbtal RNA was isolated from control (c), 
l-week HCCL-treated ( i ), 2-week HCCL-treated (2 ), and 5-week HCCL-treated (5) rats and analyzed by Northern analysis. Each lane corresponds 
to 10 Mg of RNA from an individual rat. Migration of size markers are noted on the right of each panel with size indicated in kilobases. Size 
estimates for bands are given on the left side of each panel. A, probe: CO II cDNA. 6-h exposure. B, probe: 16 S. 22-h exposure, C. Probe: ND I cDNA, 
9 day exposure. 



ATPase 6 are contiguous (Fig. 1). and their sizes sum to 1.6 kb« 
it is probable that this represents an RNA combining the CO 
II-ATPase 6 mRNAs and intervening tRNAS (Fig. 1). Alterna- 
tively, two independent 1.6-kb RNAs, one containing CO II plus 
some unknown sequences, and one containing ATPase 6 plus 
some unknown sequence, cannot be definitively excluded using 
this approach. Analogously, a 2.5-kb RNA was identified by CO 
II and ATPase 6 probes, but not the CO I probe. A polycistronic 
sequence of the CO II, ATPase 6/B and CO IIT regions would be 
predicted to be 2.5 kb and is consistent with the observed hy- 
bridization pattern (Fig. 1). The 12 S, 16 S, and NDl probes all 
identified bands of 2.8 kb. The length of all three genes would 
exceed 2.8 kb, but the 12-16 S and 16 S NDl sequences are 
each predicted to be 2.8 kb, and thus it is probable that both 
species are present (Fig. I). A 4.4-kb RNA was identified by 12 
S. 16 S, and NDl probes and would be accounted for by a 12-16 
S-NDl RNA (Fig. 1). This reasoning suggests that the polycis- 
tronic mtRNAis accumulated with HCCL treatment contain 



contiguous uninterrupted mRNA and rRNA genes and are not 
the product of abnormal intragenic cleavages or splicing. 

The HCCL-induced accumulation of the polyciEtronic 
mtRNAs described was estimated as 10-100-fold (data not 
shown). Increases in CO II containing polycistronic mtRNAs 
similar to those characterized in Fig. 2 have been reported in 
association with thyroid-induced mitochondrial proliferation 
(21), but in contrast to the HCCL model, thyroid treatment also 
increased mature mRNA content (9, 21). A 12-16 S polycis- 
tronic mtRNA has been reported in a hamster cell line treated 
with cycloleucine, an inhibitor of S-adenosylmethionine-de- 
pendent methylation (32). Similarly, the 16 S-NDl mtRNA has 
been identified previously, and its content is elevated in tissues 
from patients with mtDNA mutations (33, 34). 

HCCL treatment produces effects in liver indistinguishable 
from severe cobalamin deficiency, including decreased L-meth- 
ylmalonyl-CoA mutase and methionine synthetase acti\'ities 
(12). Cobalamin deficiency decreases hepatic tetrahydrofolate 
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and S-adenosylmethionine contents (35, 36), which in turn may 
cause hypomethylation of nucleic acids (37, 38). Thus, HCCL 
treatment may interfere with mtRNA methylation required for 
normal nuclease processing. This concept is supported by the 
findings of Dubin et al. (39, 40), who have shown that mtRNA 
is methylated under physiologic conditions, and the reported 
accumulation of 12*16 S polycistronic mtRNA in cells treated 
with cycloleucine (32). Additionally, direct evidence exists for 
the role of substrate RNA methylation in RNA processing (41, 
42). 

Polycistronic mtRNAs containing CO II and NDl coding se- 
quences accumulated with HCCL treatment, whereas the ma- 
ture mRNAs for these genes were decreased. Although HCCLr 
induced defective cleavage of precursor polycistronic mtRNA 
may cause a decrease in mtRNA content, CYTb mRNA content 
was also decreased and no CYTb-containing polycistronic 
mtRNAs were identified. Additionally, issues related to stabil- 
ity and turnover of the polycistronic mtRNAs make a cause- 
and-efTect relationship difficult to establish. Decreased tran- 
scription beyond the potential 16 S premature termination site 
on the mtDNA (4) or accelerated mRNA degradation, both of 
which are potentially affected by nucleotide methylation, could 
also contribute to decreased mature mRNA contents. 

The observed reduction in hepatic mitochondrial mRNA ex- 
pression after 2 weeks of HCCL treatment suggests a potential 
mechanism for the electron transport chain defects that is 
manifested in liver mitochondria after 5 weeks of HCCL treat- 
ment (15). Mitochondrial content of cytochrome 6, as well as 
activities of ubiquinolxytochrome c oxidoreductase and cyto- 
chrome c oxidase activities per mg of mitochondrial protein are 
decreased (15). Decreased expression of the CYTb and CO II 
mitochondrial genes would explain these functional defects. 
The decrease in mitochondrial mRNAs observed when normal- 
ized per 28 S would be quantitatively more dramatic if ex- 
pressed per mitochondrion (as for example estimated by citrate 
synthase activity). The appearance of the electron transport 
chain defect 3-4 weeks following a decrease in mRNA expres- 
sion would also be consistent with the estimated 100+ h half- 
lifes of some electron transport chain proteins (43). 

Alterations in mtDNA expression are now clearly docu- 
mented to contribute co diverse disease pathologies (44, 45), 
and decreased mtDNA expression is a potential cause of neu- 
rologic and muscle disease (45). The HCCL-induced cobalamin- 
deficient rat represents a model of acquired defective mtDNA 
expression. The neurologic disease of human cobalamin defi- 
ciency is of unknown etiology, but is clearly related to altered 
methionine homeostasis (46). Based on the current studies, and 
consistent with the threshold model of mitochondrial disease 
described by' Wallace (45), it is possible that altered mtDNA 
expression may contribute to the pathophysiology of cobalamin 
deficiency dementia. HCCL treatment provides a facile model 
for testing this relationship, and for studying the mechanisms 
of mtRNA expression and processing. 



Acknowledgments — We thank Dr. Christine Van Itallie for providing 
the CO II construct and the 16 S and CYTb plasmids subcloned from 
original clones isolated by Dr. Howard Zalkin and Dr. Durwood Ray who 
provided Uie pKSUl plasmid. We also thank ^^lliam Vetter for techni- 
cal assistance and Dtb. C. L. Hoppel and J. Gott for constructive com- 
ments on the work described in this manuscript. 

REFERENCES 

r Holloszy. J. O.. and C<vle. E. P. ( 1984) J. AppL Physiol. 56, 831-838 

2. Aw. T. Y. and Jones. D. R (1989) Annu. Rev. Nutr. 9. 229-251 

3. AUardi. G.. and Schatz. G. < 1988) Ann. Rev. Cell Biol. 4, 289^333 

4. Clayton, D. A. (1991) Annu. Rev. Cell Biol. 7. 453-^78 

5. Nelson, B. D. (1987) Curr. Tbp. Bioenerg. 16, 221-272 

6. Nagley, P. ( 1991) TYends Genet. 7, 1-4 

7. Chang. D. D.. and Clayton, D. A. (1987) Science 236, 1178-1184 

8. Kadowaki. T., and Kitagawa. Y. (1988) FEBS Lett. 233, 51-56 

9 Mutvie. A., Kuzela. S.. and Nelson. B. D. ( 19S9) Eur. J. Biochem. 180, 235-240 
10. Coleman, W. B.. end Cunningham, C. C. i 1991) Biochim. Biophys. Acta 1068, 
178-186 

U. Brass. E. P., Allen. R. H.. RufT, L. J., and Sublet. S. P. (1990) Biochem. J. 266, 
809-815 

12. Stabler. S. P., Brass, E. P., Marccll, P. D.. and Allen. R. H> ( 1991 ) J. din. Invest. 

B7, 1422-1430 

13. KrahenbuhU S.. Ray. D. B. SUblei. S. P.. Allen. R. K.. and Brass. E. P. 1 1990> 

J. Clin. Invent. 86, 2054- ?061 

14. 'nindlcr, B.. Krahenbuhl. S., and Brass. E. P. (1991) Ana/. Rec. 231. 1-6 

15. Krahenbuhl. S.. Chang. M.. Brass. E. P. and Hoppel. C. L. <199U J. Biol. 

CAem. 266.20998-21003 

16. Srere. R A. (1969) Methods Emymoi 13, 3-11 

17. Labarca. C. and Patgen, K. ( 1980) Ana/. Biochem. 102. 344-352 

18. Chumczynski. P.. and Sacchi. N. (1987) Ano/. Biochem. 162, 156-159 

19. Hcnrin, D. L., and Schmidt. G. W. (1988) Bionchniquea 6, 196-200 

20. Van Itallie, C. M.. and Dannies, P S. ( 1988) Moi Endocrinol. 2, 332-336 

21. Van ttallie. C. M. (1990) Endocrinology 127, 5&-62 

22. Gadaleta. G.. Pepe, G.. DeCandia. G., Quagliariello, C, Sbisa. E.. and Saccone, 

C. (1989) J. MoL Evol. 28, 497-516 

23. Bonnett, R. Cannon. J. R.. Clark. V. M.. Johnbon. A. W.. Parker. L. R.. Smith. 

L. E., and Tbdd, A. (1957) J. Chem. Soc. 1158-1168 

24. Dolphin. P (1971) Methods Enzymol. 18, 34-^2 

25. Herrera. E., and Freinkel. N. (1968) Biochim. Biophys. Acta 170, 244-253 

26. Mutvei, A.. Kuzela. S.. and Nelson. B. D. ( 1989) Eur J. Biochem. 180, 235-240 

27. Williams. R. S.. Garcia-Moll. M.. Mellor, J., Salmons. S.. and Harlan, W. ( 1987 ) 

J. Biol. Chem. 262. 2764-2767 

28. Canatore. P.. Flagella. Z.. Fracasso, F.. Lezza, A. M. S., Gadaleta, M. N., and dc 

MonUlvo. A. (1987) FEBS Uu. 213. 144-148 

29. Gaines. G., Rossi. C. and Attardi. G. (1987) J. Biol. Chem. 262, 1907-1915 

30. Gelfand. R.. and Attardi. G. (1981) Moi Cell. Biol, 1, 497-511 

31. Brass. E. P (1992) Biochem. J. 288, 175-180 

32. Prince. D. L., Kotin, R M., and Dubin, D. T. ( 1986) Mol. Biol. Rep. 11. 51-55 

33. King. M. P. Koga. Y.. Davidson. M., and Schon. E. A. (1992) Mo/. CeU. Biol. 12, 

480-490 

34. Heddi. A.. Lestienne. P. Wallace. D. C, and Stepien. G. ( 1993) J. Biol. Chem. 

268, 12156-12163 

35. Doi. T.. Kanale. T, Tadano. T.. Tijima. T, and Maekawa. A. ( 1989)*/. Nutr. Sci. 

VitaminoL 36, 1-9 

36. Wilson, S. D., and Home. D. W. (1986)ArcA. Biochem. Biophys. 244, 248-253 

37. Kliasheva. R. I. (1983) Bio/. Nauki. iMosc. ) 10, 17-19 

38. Christman. J. K, Sheikhn^ad, G. Dizik. M.. Abileah, S.. and Wainfan. E. 

(1993) Carcinogenesis 14. 551-557 

39. Dubin. D. T. and l^ylor. R H. ( 1978) J. Moi Biol. 121. 523^40 

40. Dubin. D. T. Taylor. R H., and DavenpoH. L. W. ( 1978) Nucleic Acids Res. 6. 

4385--4397 

41. Ullu. E.. and IWiudi. C. ( 1991 ) Proc. Natl. A nd. Sci {/. S. A. 88, 10074-10078 

42. Narayan, R. and Rottman, F. M. ( 1992) Adv. Emymoi. Rdat. Areas Mol. Biol. 

65,255-285 

43. Hare. J. F. and Hodges. R. ( 1982) J. Biol. Chem. 267, 3575-3580 
44 r,Tflf>«n»»n. I. 0990) Am. -/. tftim. Oer.et. 46, 4!5-4!7 

45. Wallace. D. C. (1992) Annu. Rev. Biochem. 61. 1175-1212 

46. MeU. J. (1992) Annu. Rev. Nutr 12, 59-79 



Borrower's Name 



INTER LIBRARY LOmN REQUEST FORM 



Patricia Duffy 



Org or A.U. 



1645 



Phone 1305-7555 



Serial Number 



Req. Dale 



Date 




neoplasm 



110147313 CA: 110 ( 17 ) 14 73 13c JOURNAL 

Effect of cobalamin inactivation on folate metabolism of leukemic cells 
AUTHOR (S) : Ermens , Anton A. M.; Kroes, Alois C. M. ; Schoester, Martijn; 
Van Lorn, Kirs ten; Lindemans, Jan; Abels, Johan 

LOCATION: Inst. Hematol . , Erasmus Univ., Rotterdam, 
JOURNAL: Leuk . Res. DATE: 1988 VOLUME: 12 NUMBER 
CODEN: LEREDD ISSN: 0145-2126 LANGUAGE: English 
SECTION: 
CA2 01006 Pharmacology 

IDENTIFIERS: nitrous oxide cobalamin folate metab leukemia^ 
inhibitor folate metab nitrous oxide 

DESCRIPTORS: 
Neoplasm inhibitors , leukemia . . . 

cobalamin antagonist nitrous oxide enhancement of, in humans, folate 
metab. alteration in 
CAS REGISTRY NUMBERS: 
10024-97-2 biological studies, cobalamin inactivation by, folate metab. of 

human leukemic cells response to 
59-30-3 biological studies, metab. of, by human leukemic cells, cobalamin 

inactivation by nitrous oxide effect on 
51-21-8 52-52-8 59-05-2 folate metab. of human leukemic cells alteration 
by cobalamin inactivation by nitrous oxide and, neoplasm inhibition in 
relation to 

365-07-1 formation of, by human leukemic cells, cobalamiiL inactivation by 

nitrous oxide effect on 
13408-78-1 inactivation of, by nitrous oxide, folate met 

leukemic cells response to 



•lete 




Library Action 


LC 


NAL 


NIH 


NLM 


NBS 


PTO 


OTHER 


1s 
t 


2nd 


1s 
t 


2nd 


1s 
t 


2n 
d 


Is 
t 


2n 
d 


Is 
t 


2nd 


Is 
t 


2nd 


Is 
t 


2nd 


Local 
Attempts 






























Date 






























Initials 






























Results 






























Examiner 
Called 






























Page Count 






























Money Spent 





























































Provided By: Source and Date 



Ordered From: Source and Date 



Remarks/Comments 

1st & 2nd dnotes time taken to a library 

O/N - Under NLM means Overnight 
Service 



FX - means Faxed to us 



Uukemia Research Vol. 12. Nos. n/12. pp. y05-9m. 1988. 
Printed in Great Britain. 



m45-2l2(»^ $3.no + .00 
Pergamon Press pic 



EFFECT OF COBALAMIN INACTIVATION ON FOLATE 
METABOLISM OF LEUKEMIC CELLS 

Anion A. M. Ermens, Alois C. M. Kroes, Martijn Schoestfr, Kirsten van Lom, 

Jan Lindemans and Johan Abels 

institute of Hematology, Erasmus University Rotterdam, The Netherlands 

{Received \OJune 1988. Revision accepted 31 July 1988) 

Abstract — Exposure to nitrous oxide inactivates the cobalamin coenzyme of methionine synthetase, 
an essential enzyme in folate metabolism. Hemopoietic cells arc especially dependent on the function 
of cobalamin for the folate-dependent synthesis of thymidylate (dTMP). Inhibition of methionine 
synthetase may therefore be of potential value in the treatment of hematological malignancies. In the 
present study we investigated the effect of nitrous oxide induced cobalamin inactivation on folate 
metabolism of fresh leukemic cells and the human myelomonocytic cell line U937, Cells were exposed 
to nitrous oxide for 20 h. Subsequently they were subjected to the deoxyuridine suppression test (dU 
test), which measures the disturbance of folate-dependent dTMP synthesis. In all bone marrow 
samples, cobalamin inactivation resulted in a 200% increase of the dU test value, implicating a 
decreased de-novo synthesis of dTMP. Incubation of leukemic cells with methotrexate, 5-fluorouracil 
or cycloleucine induced similar increases of the dU test values which could be further raised to 400% 
with the addition of N2O exposure. Prolonged experiments with U937 cells revealed that the 
disturbance of folate metabolism aggravated up to 48 h of nitrous oxide exposure. It can be concluded 
that cobalamin inactivation in human leukemic cells results in disturbed folate-dependent dTMP 
synthesis. Moreover, effects of several drugs interfering with folate metabolism can be enhanced. 

Key words: Cobalamin, vitamin B12, leukemia, folate, nitrous oxide. 



INTRODUCTION 

Cobalamin, or vitamin B12, is a nutritional factor 
indispensable for the maintenance of normal 
hematopoiesis. This is explained by its role as a 
coenzyme in methionine synthetase, or 5-methyl- 
tetrahydrofolate homocysteine methyltransferase , 
the enzyme which is essential for the intracellular 
conversion of reduced folates into forms that can be 
retained in the ceil. Several steps in the biosynthesis 
of nucleotides require the presence of folate 
coenzymes. In particular the de-novo synthesis of 
thymidylate (dTMP) from uridylate (dUMP) appears 
to be sensitive to reduced availability of the necessary 
coenzyme 5,10-methylene tetrahydrofolate (see Fig. 
1). As dTMP is an indispensable precursor for DNA 
synthesis, this provides the link between cobalamin 

Abbreviations: N2O, nitrous oxide; MTXy methotrexate; 
5-FU, 5-fluorouraciI; dU test, deoxyuridine suppression 
test; dUMP, uridylate; dTMP, thymidylate; AML, acute 
myeloid leukemia; ALL, acute lymphoid leukemia; 
BNML, Brown Norway myeloid leukemia; MDS, myelo- 
dysplastic syndrome. 

Correspondence /o: Dr A. A. M. Ermens, Institute of 
Hematology, Ee2202 Erasmus University Rotterdam, P.O. 
Box 1738, 3000 DR Rotterdam, The Netheriands. 



deficiency and a disturbance of hematopoietic 
proliferation. 

This immediate importance to proliferating cells 
makes the metabolism of reduced folates a potential 
target in the chemotherapy of malignant tumors. 
Structural analogues of reduced folates, notably 
methotrexate (MTX), have demonstrated the val- 
idity of this approach. Attempts have been made to 
find similar antagonists of the essential coenzyme 
function of cobalamin in methionine synthetase. 
However early efforts, mainly with structural ana- 
logues, were largely unsuccessful [1-3). No effective 
antagonist of cobalamin was known until the rec- 
ognition of a peculiar side effect of the anesthetic gas 
nitrous oxide (N2O) in 1978 [4], which already was 
known to cause megaloblastic hematopoiesis on pro- 
longed exposure [5]. N2O inactivates the cobalamin 
coenzyme of methionine synthetase [7] by oxidation 
of its cobalt (I) moiety. This particular reaction 
results in a virtually complete and irreversible inhi- 
bition of this enzyme [6]. The availability of a genuine 
cobalamin antagonist has revived the interest in poss- 
ible applications in chemotherapy. 

In addition, the demonstration of the cobalamin 
dependence of malignant proliferation is of more 
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Fig. ] . Outline of the most important intracellular inter- 
conversions of reduced folates and the principal bio- 
chemical targets of the drugs used in this study. 



general interest. We have shown previously that 
nitrous oxide reduces the growth of leukemia in rats 
[8], and renders the leukemic rats more susceptible 
to subsequent therapy of several drugs interfering 
with other pathways of folate metabolism (see Fig. 
1) [9-11], Kano et al. [12] have demonstrated that 
N2O inhibits nucleotide synthesis and prohferation 
in a number of human hematopoietic cell lines. 

In this study, we have investigated the in-vitro 
effects of N2O on human leukemic cells derived from 
patients with different types of acute leukemia and 
the myelomonoblastic cell line U937 [13], Moreover 
combination of cobalamin inactivation with MTX, 5- 
FU and cycloleucine, an effective inhibitor of methio- 
nine adenosyltransferase [14], was studied. The 
assessment of the sensitivity of human leukemia to 
N2O should be considered an essential step towards 
the application of cobalamin inactivation in clinical 
chemotherapy. The deoxyuridine suppression test, 
being an established method to demonstrate the 
metabolic consequences of cobalamin deficiency or 
inactivation, was used to evaluate the effects of 
nitrous oxide. 

MATERIALS AND METHODS 

Leukemic bone marrow and blood cells 

Bone marrow aspirates and peripheral blood samples 
were obtained from consenting patients with a diagnosis of 
acute leukemia. The patients were untreated, or. in some 
cases, in early relapse of their disease. Each marrow aspir- 



ate, usually 1-3 ml, was collected in a sterile bottle con- 
taining 0.4 ml (2000 TU) heparin. Peripheral blood was 
collected in heparinized tubes. Each case of acute myeloid 
leukemia (AML) was morphologically and cytochemically 
classified according to the FAB classification [15, 16], and 
cases of acute lymphoid leukemia (ALL) were classified 
according to immunological phenotype. The percentage of 
leukemic blasts in each bone marrow sample was deter- 
mined in a differential count of 500 cells. 

Isolation of nucleated cells from marrow and blood 

Bone marrow aspirates and peripheral blood samples 
were diluted with an equal volume of Hanks' balanced salt 
solution and gently admixed with 0.5 ml methylcellulose 
solution (2% w/v) to promote rouleaux formation. After 
10 min, the red cells were sedimented and nucleated cells 
could be isolated from the supernatant. The cells were 
washed in Hanks* balanced salt solution, counted and 
diluted to a concentration of lO^/nil with McCoy's medium 
5A with 10% fetal calf serum. Folic acid (pteroylgluiamic 
acid) was replaced by 400 nmol/1 methyltetrahydrofolate 
(Sigma, St Louis, U.S.A.), and methionine was limited 
to 25 [xmol/1, as these constituents have to be carefully 
controlled in studies on cobalamin and folic acid 
metabolism. Viability of the cells was checked by trypan 
blue exclusion. 

Culture of the cell line U937 

The myelomonoblastic cell line was cultured in suspen- 
sion, in specially prepared McCoy's medium 5 A similar to 
the one described above. Experimental conditions were as 
described by Kano et al. , with 200 nmol/1 of 5-methyl- 
tetrahydrofolate [10] and were carried out with cells in a 
logarithmic growth phase. Exposure to nitrous oxide and 
subsequent incubations were performed as described for 
bone marrow cells. 
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Exposure of cells to nitrous oxide 

Cell suspensions (5 ml in flasks of 50 ml) were exposed 
to nitrous oxide by gassing the culture flasks during 30 min 
with a filtered mixture of 50% nitrous oxide. 20% oxygen, 
25% nitrogen and 5% carbon dioxide, released from a 
premixed cylinder (Hoekloos, Schiedam, The 
Netherlands), After this period, the flasks were closed 
and incubated overnight for about 20 h at 3TC. Control 
suspensions were exposed to a mixture of air with 5% 
carbon dioxide, and otherwise treated identically. After 
incubation, viability was checked again by trypan blue 
exclusion and the cells were directly subjected to the dU 
test. 

Addition of drugs 

If enough cells were available, MTX (final concentration 
5.10-^mol/l, Ledertrexate), 5-FU (final concentration 
5.10"^mol/l, Hoffmann LaRoche) or cycloleucine (final 
concentration 10"^mol/l, Sigma) were added to the cell 
suspensions at the start of the exposure to the gas mixtures 
and remained there during the whole incubation period. 

Deoxyuridine suppression test 

This test was used to evaluate the impairment of the de- 
novo synthesis of thymidylate as a consequence of the 
disturbance of folate metabolism. pH]-Thymidine incor- 
poration into DNA is measured with and without the 
pre-incubation of cells with deoxyuridine. Deoxyuridine 
suppresses the incorporation of [^H]-thymidine if it can be 
converted to thymidylate by folate-dependent methylation. 
If this conversion is impaired, the suppression by deoxy- 
uridine will be reduced. The results of this assay are 
expressed as the percentage ratio of the [^Hl-thymidine 
incorporation with and without deoxyuridine in similar 
cell suspensions. The test was carried out essentially as 
described by Metz et ai. [17], with some modifications. 
Briefly 10^ cells in 1 ml Hanks' balanced salt solution with 
or without 0.1 mmol/l dU were incubated for 2 h at 37°C, 
followed by another 2-h incubation in the presence of 
0.3 [iCi pHl-thymidine (specific activity: 25Ci/mmol, 
Amer^ham, U.K.). All results were the mean of triple 
incubations. 

Statistical analysis 

Data were statistically evaluated with the Wilcoxon's 
signed-ranks test for two groups. 



RESULTS 

Patient characteristics 

Eighteen patients were involved in this study and 
their characteristics are summarized in Table 1. The 
mean blast count of the blood samples was 63 ± 22% . 
the bone marrow cell fractions contained 70 ± 25% 
leukemic blasts. 

Effect of cobalamin inactivation on fresh leukemic 
samples 

The results of deoxyuridine suppression tests after 
nitrous oxide exposure of leukemic marrow cells, 
compared to the same cells exposed to air, are shown 



Table 1. Characteristics of leukemia patient 
samples used for /n-vttro cobalamin inactivation 



Number of patients involved 


18 


Male 


11 


Female 


7 


Diagnosis 


12 


Acute myeloid leukemia 


Acute lymphoid leukemia 


4 


Leukemic transformed M.D.S. 


2 


Studied material 


16 


Bone marrow aspirates 


Peripheral blood 


9 



in Table 2. In all cases, the exposure to nitrous oxide 
caused a marked increase of the test value, indicating 
an impaired ability to use dUMP as a substrate in the 
de-nouo synthesis of dTMP. In normal healthy bone 
marrow the percentage suppression by dU varies 
but usually the upper level of the normal range is 
considered to be 10%. The variation of suppression 
values after exposure to air, from 3 to 15% in our 
study, with a mean of 9%, is probably related to 
the heterogeneity of cell types in different forms of 
leukemia and the patients physical condition. DU 
tests of leukemic bone marrow performed directly 
after the aspiration show a similar degree of variation 
(data not shown). After nitrous oxide exposure of 
cells derived from the same bone marrow samples, 
the test values range from 8 to 57%, with a mean of 
21% (significance: p < 0.01). Results obtained with 
blood cells from nine leukemia patients, are also 
presented in Table 2. The increase in mean sup- 
pression values, from 8 to 14%, is comparable to the 
result obtained with the marrow cells. However this 
time the pattern is somewhat less consistent as two 
of the nine samples were found to be unresponsive 
to nitrous oxide, both from cases of ALL. 

Effect of N2O with concomitant exposure to other 
drugs 

Methotrexate was added, prior to the incubation, 
to six of the leukemic marrow cell suspensions and 
two peripheral blood eel! suspensions. The results are 



Table 2. Effect of N2O exposure (20 h) on the dU 

SUPPRESSION VALUE OF LEUKEMIC CELLS DERIVED FROM 
BONE MARROW AND PERIPHERAL BLOOD (mean ± S.D.) 







dU test values 


Origin of cells 


n 


Air N2O 


Bone marrow 


16 


9.0 i 3.8% 21.4 ± 13.2% 


Peripheral blood 


9 


7.5 ±4.5% 13.4 ± 8.1% 
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Table 3. Effect of several drugs and the concomitant exposure to N2O (20 h) on the 

dU SUPPRESSION VALUE OP LEUKEMIC BONE MARROW CELLS (mean ± S.D.) 



n 


Air 


N2O 


MTX (5.10-« M) 


N2O + MTX 


6 


10.5 ± 3.0% 


22 0 10 1% 


"^K Q 17 IP^n 

.jOty — 1 f ,4, /o 




n 


Air 


N20 


5-FU (5.10-^ M) 


N2O + 5-FU 


7 


7.4 ± 4.2% 


21.1 ± 15.8% 


34.7 ± 22.1% 


46.3 ± 22.6% 


n 


Air 


N2O 


cycloleucine (10"' M) 


N2O + cycloleucine 


5 


7.9 ± 3.7% 


20.5 ± 4.7% 


9.5 ± 2.1% 


27.9 ± 4.2% 



shown in Tables 3 and 4 respectively. The addition of 
methotrexate alone to the marrow cells increased the 
suppression value in all cases, from a mean of 11% 
to a mean value of 39%. If the cells were, in addition, 
exposed to N2O, this resulted in a significant, further 
increase of the mean suppression value to 50% 
{p < 0.05). In some cases, however, in which metho- 
trexate was already very effective, no substantial 
further increase was observed; this applies to values 
of 60% and higher. It should be emphasized that 
these values indicate a rather extreme disturbance of 
the folate metabolism. Therefore it is possible that 
aggravation of this disturbance by cobalamin inac- 
tivation is not detectable anymore. The two per- 
ipheral samples, demonstrated a similar enhanced 
effect of methotrexate after concomitant exposure to 
N2O. 

A comparable pattern was obtained with the com- 
bination of N2O with 5-FU (see Tables 3 and 4). Both 
blood samples and six of the seven marrow samples 
showed an appreciable effect of 5-FU on the dU test 



Table 4. Effect of several drugs and the con- 

COMITANT exposure TO N2O ON THE dU SUPPRESSION 
value of individual leukemic cell SAMPLES DERIVED 
FROM PERIPHERAL BLOOD 



Air 


N2O 


MTX 


N2O + MTX 


8.6 


8.5 


24.4 


29.5 


15.5 


25.2 


52.5 


68.5 


Air 


NjO 


5-FU 


N2O + 5-FU 


6,2 


13.4 


15.7 


29.6 


13.5 


21.5 


25.2 


36.4 


Air 


N2O 


cycloleucine 


N2O + cycle 


7.1 


13.6 


5.5 


27.4 


9.2 


11.0 


9.2 


15.1 



value (mean 35%), which could be significantly 
aggravated by N2O (mean 46%, p < 0.05). 

Cycloleucine by itself did not affect the dU sup- 
pression value in most of the tested cases (mean 
10%). In combination with NjO however a sharp 
increase was noted (mean 27%) in all bone marrow 
samples (p<0.05) and the two peripheral blood 
samples (see Tables 3 and 4). 

Effects on the cell line U937 

Finally, results obtained with the cell line U937, 
with culture conditions as described by Kano et aL 
[12], are presented in Table 5. Prolonged exposure 
to N2O with or without 5-FU or MTX up to two days 
resulted in a time-dependent increase of the dU 
suppression values. Cells exposed to the drugs in 
combination with N2O consistently showed the 
largest increase of the dU test value. 

DISCUSSION 

At present, there is only limited evidence for the 
cobalamin-dependencc of malignant hematopoiesis 
in human leukemia, which is an essential requirement 
for the possible application of cobalamin antagonists 
in chemotherapy. NjO, the only available effective 



Table 5. Effect of MTX or 5-FU and the con- 
comitant EXPOSURE to N2O FOR TWO DAYS ON THE dU 
suppression value of U937 cells 



Treatment 




Day 0 


Day 1 


Day 2 


Air 




12.1 


14.2 


12.6 


N2O 




12.1 


16.3 


24.2 


MTX (5.10-« 


M) 


12.1 


18.4 


50.5 


N2O + MTX 




12.1 


24.7 


77.4 


Air 




5.8 


13.7 


12.6 


N2O 




5.8 


12.1 


11.1 


5-FU (5.10-^ 


M) 


5.8 


23.2 


34.7 


N2O + 5-FU 




5.8 


28.4 


51.6 
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antagonist of the cobalamin coenzyme in methionine 
synthetase, has been shown to inhibit rat leukemia 
in vivo [8], and human leukemic cell lines in vitro 
[12). There are also two early observations of a 
distinct antileukemic effect of nitrous oxide exposure 
in patients [18, 19] dating from the time before this 
agent was known to inactivate cobalamin. Moreover, 
two cases have been described of patients with leu- 
kemia, in which the administration of cobalamin was 
considered to have enhanced leukemic proliferation 
[20,21]. 

A disturbance of the deoxyuridine suppression test 
in normal bone marrow cells after N2O exposure of 
about 24 h is well established [22]. The results of the 
present study provide evidence that in nearly all cases 
of acute leukemia the folate metabolism can also be 
disturbed by cobalamin inactivation, as is apparent 
from elevated values of the deoxyuridine suppression 
test. Tliis in-vitro metabolic effect of cobalamin inac- 
tivation on malignant blood cells is fully comparable 
to the consequences of cobalamin deficiency on nor- 
mal marrow cells. It may therefore be expected that 
the application of nitrous oxide will result in the same 
inhibition of cellular proliferation as is observed in 
cobalamin deficient normal marrow cells. 

Combination of N2O with other drugs resulted in 
an enhanced disturbance of the folate metabolism. 
These observations are in accordance with a study in 
which the effect of N2O with MTX on normal bone 
marrow cells was examined [23]. More interestingly 
our observations agree well with studies of the anti- 
leukemic activity of NjO combined with respectively 
cycloleucine, MTX, and 5-FU in the BNML. In this 
rat leukemia, which is considered to be a reliable 
model for human AML, the effective anti- 
proliferative action of the three combinations men- 
tioned above, was also reflected by severely disturbed 
dU test values [8-11]. 

As nearly all cases of leukemia were responsive to 
cobalamin inactivation, it is difficult to draw con- 
clusions on the differential sensitivity of particular 
types. It may be relevant, however, that all samples 
that were found to be unresponsive to N2O were 
cases of ALL. 

With regard to the results obtained with the leu- 
kemic cell line U937, it can be concluded that the 
effects of cobalamin inactivation in combination with 
other drugs increase over substantial periods of time. 
This may possibly reflect the gradual changes in folate 
coenzyme pools induced by N2O [24, 25], S-FU [26] 
or MTX [27]. 

In conclusion, the results of this study demonstrate 
that the metabolic consequences of cobalamin inac- 
tivation by nitrous oxide can be observed in malig- 
nant hematopoietic cells, as in normal marrow cells. 



The deoxyuridine suppression test may well be pre- 
dictive for the clinical sensitivity of acute leukemias 
to NjO, as results obtained with N2O in vitro are 
in agreement with those obtained by treating rat 
leukemia in vivo. Moreover, these findings encour- 
age further investigations, eventually directed at the 
administration of N2O to selected patients with 
leukemia. 
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carcinoma of the intestine (ACATOL) ] was studied. The activity of the 
cobalamine coenzyme analogs was investigated when used alone or combined 
with inhibitors of dihydrof olate reductase and methionine synthetase. The 
results of the experiments indicate a stimulating effect of 
methylcobalamine on the growth of transplantable solid tumors in the 
animals. The antitumor activity of the methylcobalamine analog studied 
was higher in combined application with methotrexate. The most effective 
inhibition of tumor growth and longest survival of animals were achieved 
in combined application of methylcobalamine with methotrexate^nd / 
methionine synthetase inhibitor, depending on the scheme of ^y/^ni ^ - — \ I / 
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3. 77. CO0bMHA, H. B. M^CMUIEBA, <t>. P, APCEHBH, A. M. lOPKEBH^ 

B03M0)KH0CTb yCHJIEHMJI nPOTHBOOnyXOJIEBOrO 
AEnCTBH^ AHTArOHHCTA *OJlMEBOn KHCJIOTbl AHAJIOrAMH 

METHJIKOEAJIAMHHA 

OfiKOAoeuHecKutl nayHKbiCi i^emp AMH CCCP, MocKsa 

CxHMyjiHpyiomee AeAcTBHe UHaHOKo6ajiaMHHa na pocr nepcBHBaeMwx 
onyxo^iefl pasHoro BH^a jkhbothmx (capKOMa Kyp Payca, <})H6pocapKOMa 
PW-2, capKOMa 45 h CCK Kpuc, KapuHHOMa Tepena, capKOMa 180 h ;ihm- 
4)0capK0Ma MHUiefi) h 0CJia6;ieHHe Jie^eSHoro AefiCTBHH HCKOTopbix npoxH- 
BoonyxojiCBhix npenaparoB npH cobmccthom hx npHMeaeHHH c BHTaMHHOM 
Bi2, oTMeqaeMbie b paHHMx HccjreAOBaHHHX, o6yc;iOB;ieHbi aKXHBHMM 6ho- 
CHHTeaoM ero KO(J)epMeHTOB b opranHSMe ^khbothux. OucHKa 4)yHKUH0Ha;ib- 

HOH pOJIH MeTHJIKoSaJjaMHHa — OAHOrO H3 K06aJiaMHH0BbIX Ko4)epMeHTOB 

b npoueccax pocra HopMaJibHtix h onyxojieBux KJieroK — npHBJieKacT Han- 
6ojibuiee BHHMaHHe. 

MeTHJiKo6a;iaMHH hbjihctch Ko4)epMeHTOM MeTHOHMHCHHTeraaHOH peaK- 
UHH — K;iK)4eBoro aBena. onpe^eJiHiomero CHHeprHSM achctbha Ko6a;iaMH- 
HOB H coeAHHCHHH ^ojiHtBOH KHCJiOTU B npoucccax KJiCTO^iHofi npo;iH4)epa- 
UHH. OcoCafl SHa^HMocTb MeTHJiKo6aJiaMHHa jXJin aKTHsauHH stoh (jjepMCHT- 
HOH CHCTCMb! oTMcweHa B pesyjibTaTc HsyqeHHH HapymeHHoro oSMena 
Ko6a;iaMHHOB npn jicHKoaax wejioseKa. MaJian 3(})4)eKTHBH0CTb komShhhpo- 
BaHHOH UHTOCTaTH^ecKOH TcpanHH npH onpeAejiCHHux BapnaHxax ocrporo 
jieflKoaa, npoxeKaroiuHx c BbicoKoft KOHueHTpauHCH MeTHJiKo6a;iaMHHa b 
KpoBH, noATBep>KAajia cneuH4)HHH0CTb ero AeficTBHa b opraHH3Me 
(H. B. MflCHiueBa h coaBT., 1969). B HacTOHiuee BpeMH ycTaHOBJiena 
aKTHBHaa pojib MeTH;iKo6ajiaMHHa b npoueccax npo;iH(})epauHH kjictok Kpo- 

BCTBOpHOH TKaHH 3A0p0BHX JKHBOTHHX. Uojl BOSACHCTBHeM MeTHJIK06a;i- 

aMHHa B cejieseHKe MMUiefi BospacTaiOT hhcjio kjictok, CHHxesHpyiomHX 
AHK, HX MHTOTH^ecKafl aKTHBHocTb H BejiHHHHa npojiHt^epaxHBHoro nyjia 
(O. JX* FoJieHKo H coaBT.). OfinapyjKeHo snaqHTeJibHoe yBejiHqenHe Macro- 

Thl paSBHTHH reM06jiaCT030B y MWUieH npn KOMSHHHpOBaHHOM BBefleHHH 

MeTHJiKo6a;iaMHHa c 3HAoreHHWMH dJiacTOMorenaMH. Ba>KHbiM momchtom 
MexaHH3Ma CTHMyjiHpyiomero achctehh Ko6a;iaMHHOB HBJiHeTCH hx HHAy- 
UHpyiomee BjiHHHHe Ha aKxuBHocTb MeTHOHHHCHHTexaau. B Kyjibxypax nop- 
MajibHbix KjieroK MjieKonHraioiUHX h onyxojieBHx KjiexoK ^e^ioBCKa aKTHB- 
HocTb MeTHOHHHCHHTeTa3bi saMeTHo B03pacTaeT c yBejiHqeHHCM coAep^a- 
HHH Ko6a;iaMHHOB B cpe^e KyjibTHBHpoBaHHH (Mangum h coasT.; Kamely 
H coaBT.). OnyxojieBbie kjictkh pa3Horo THna, oAuaKo, otjih^hm ot Hop- 
MajibHbix no cBoefi cnoco6HocTH noA BOSAeHCTBHeM Ko6ajiaMHHOB ycHJiH- 
Baxb finocHHTes MeTHOHHna, hcoSxoahmhh npH HHxeHCHBHOM pocxe (Hal- 
pern H coaBx.; Chello h Bertino). CnacaxeJibHUH nyxb c noMoiubio ko- 
6ajiaMHH3aBHCHMOH MexHOHHHCHHxexaabi, oSecne^HBaH yBejiH^eHHe BHyxpH- 
KJiexo^Horo nyjia xeTparHApo(})OJTHeBOH khcjioxu nesaBHCHMO ox 4)0Jiaxpe- 
AyKxasHoft CHCxeMH, npeACxaBJiflex, no-BHAHMOMy. ochobhoh MexaHH3M pas- 
BHXHH ycxoH^HBOCTH jieHKOSHux KJiexoK K McxoxpcKcaxy (MTX) 
(H. B. MHCHiuesa; Sauer h Jaenicke). 

B CBH3H c 3XHM peajibHa B03Mo»CHocxb ycHJieHHJi npoxHBoonyxojieBoro 
3(J)4)eKxa AHHHoro MexaSojiHxa nyxeM ero KOM6HHHpoBaHHoro npHMeneKHJi 
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APCEHBH, A. M. lOPKEBH^ 

)THBOonyxojiEBoro 

)B KHCJIOTbl AHAJlOrAMH 
VIHHA 

MH CCCP, MocKea 

laMHHa Ha pocr nepeBHeaeMux 
Ma Kyp Payca, 4)H6pocapKOMa 
a Fepena, capKOMa 180 h jikm- 
tro iieHCTBHfl HeKOTopux npoTH- 

r HX npHMeHeHHH C BHraMHHOM 

, o6ycJiOBJieHbi aKTHBHbiM 6ho- 

IBOTHUX. OuCHKa (})yHKUHOHa;ib- 
K06a^aMHH0BbIX KO({}epMeHTOB 

Bhix KJieTOK — npHBJieKaer Han- 

OM MeTHOHHHCHHTexaaHOH peaK- 
HHeprH3M AeHCTBHH Ko6a;i.aMH- 
wccax KJieroHHoft npojiH(j)epa- 

AJIfl aKTHBaUHH 3T0ft (})epMeHT- 

qeHHfl HapymeHHoro oSMena 
;afl 3(j[)(J)eKTHBH0CTb kom6hhhpo- 
eAeJieHHMx BapHantax ociporo 

HTpaUHCH MCTHJIKOSajiaMHHa B 

ero AeficTBHH b opraHHSMe 
CTOHiuee BpeMH ycTaHOBJicHa 
cax npoJiH(J)epauHH kjictok Kpo- 
ojl BosAeHCTBHeM MeTH;iKo6aji- 
iHCJio KJieroK, cHHTesHpyiomHx 
a^HHa npoJiHc^epaTHBHoro ny;ia 
laqHTCJifaHoe yBejinqeHHe ^acTO- 

H KOMfiHHHpOBaHHOM BBCAeHHH 

worenaMH. Ba^KHHM MOMeHTOM 
SaJiaMHHOB flBJIflerCH hx HHAy- 

[HCHHxeTashi. B Kyjibiypax Hop- 
/resMx KjiexoK ^lejioBeKa aKTHs- 
raer c yBejiHqeHHCM coAepxca- 
[H (Mangum h coaBT.; Kamely 
ina, OAHaKO, otjimmhu ot Hop- 

SHCTBHCM K06a;iaMHH0B yCHJIH- 
npH HHTCHCHBHOM pOCTC (Hal- 
SJlbHMH nyTb C nOMOlUbK) KO- 

ecnetJHBan yBe.nHqeHHe BHyrpH- 
JiOTbi HesaBHCHMo OT ^^ojiaxpe- 
vfOMy, ocHOBHOfi McxaHHSM pa3- 
OK K MeTOTpeKcaxy (MTX) 

ycHJieHHH npoTHBOonyxo;ieBoro 

:OM6HHHpOBaHHOrO npHMeHeHHH 



J:. ;::. c aHxaroHHCTaMH Ko6a;iaMHHOBoro KO(J)epMeHTa. noHHMaHHe MexaHHSMa 

I ACHCTBHH K06aJiaMHH0B nOC;iy>KHJIO oSoCHOBaHHCM XLJIH HanpaBJieHHOFO 

I , cHHxesa anajioroB MexH;iKo6ajiaMHHa h hx HcnuxaHHH B KanecxBe noxen- 
I . .. . uHayibHbix npoxHBOonyxoJieBUX cocAHHeHHH. 

1% B XHMHoxepaneBXHHCCKHx sKcnepHMenxax Sh^ih HsyqeHw AH(t)xopxjiop- 

I :: MexH;iKo6a;iaMHH h x;iopnaji;ioAax MexH;iKo6ajiaMHHa, o6Hapy>KHBaBUiHe 

: aKXHBHocxb npH HCCJieAOBaHHHx in vitro b noAaBJieHHH pocxa 6aKxepHa;ib- 

^ Hwx luexoK H TopMo^eHHH CHHxesa JIHK b Kyjibxype 3M6pH0HaJibHbix 

|: . (pHOpoOjiacxoB MejioBCKa (H. B. MyiCHmeBa h coaBx., 1977). 

I : npH paspaSoxKe cxcmh KOM6HHHpoBaHHoro BOSAeHcxBHH 6h;ih yqxeHH 

|:;;: ocHOBHbie aciieKxu (j)H3Ho;iorHHecKoro AeHCTBHii Ko6a;iaMHHOB B opraHH3- 

: : Me: KOHxpojib sa nocxynJieHHCM coeAHHeHHfi ^ojiueBOH khcjioxu b KJiexKH 

? :. : H oOpasosaHHeM Ko4)epMeHxoB (JjoJiaxa. a xaxme KHxencHBHocxb norjiome- 

: : : HHH Ko6a;iaMHHOB onyxoJieBbrMH KJiexKaMH (Burke u coaBX.* Tisman h 

Irli Herbert; Floodh h UUberg). B cbhsh c 3Thm mokho 6ujio paccqHxwBaxb 

I :; Ha H36Hpaxe;ibH0CXb AeAcXBHJI HCCJieAyeMUX COeAHHenHH H BOSMOJKHOCXb 

i : . cjiH^KeHHs aKXHBHocxH Ko6a;iaMHH03aBHCHMoro (^epMCHxa B opraHHSMe 
|: .^ OAHaKO xpyAHo 6br;T0 ojKHAaxb 3HaHHxejibHoro 3(})(J)eKTa npH hx Hsojinpo- 
fX.-;- BaHHOM npHMeHeHHH. no3XOMy HaM npcAcxaBJiajiocb Ba^HMM ouennxb 
1;: , npoxHBOonyxojieBoe AeftcxBHe 3xhx coeAHHeHHfi na ^ont xopMOJKenHH aK- 
I :: THBHocxH AHrHApo(})OJiaxpeAyKTa3bi c noMombK) MTX. 

DAI n^^'^^P"^'" "nlJLt'^yS^ril' ^^^^f^oBamn npoBCAeHu ua Muuiax jihhhh CbtBL, CBA 
AMH rrr^"&^ BDF,/C57BLxDBA{2), waccofl 20-25 r. no^iyMeHHux H3 nHXOMHHKa 
^v. . AMH LLCF. llpoTHBoonyxo;ieBaH aicTHBiiocTb aHa;ioroB MeTH;iKo6ajiaMHHa Hsyqena Ha ne- 

M paKc meHKH MaxKH (PIUM-S) h aACHOKapuHHOMe KHiueqHHKa (AKATOJI) 

|: . Mhi BbiOpa;iH b Kaqecrse ocHoaiioro o6T,eKTa HccjieAOBaHHH cojinjiHue onyxo;iH. Ha koto- 
^ ' ' u^*mrfa7^om^"? CTHMyjiHpyromee B;iHHHHe MeTHJiKofiaJiaMHHa. mcm hb moac/ih ;ieflK030B 
, .: Mbiuiefl L-1210 H La. c bhcokhm npcwiH^epaTHBHUM nyjiOM h aecfaMa KopoxKofl npoROJimn- 

g . TeJibHOCTbK) KH3HH 3KHB0THUX. K iiyxjuM^imn 

. (t. M. TaqKOBa H coaBT.). Xjiopna;i;ioAaT MeTH;iKo6ajiaMHHa (MetCbl-PdClg) cHHTesHDO- 
I Ban cnocofioM E. T. Haycepa. MeTH;iKo6a;iaMHH bboahjih BHyxpHMumeqHO H3 paCTera 
10 MKr/Kr 2 paaa Ha Kypc JieHCHHs c HitrepBajioM 96 % CFiClCbl - oKeAHesHo noAKojK- 
HO H3 pacqera 500 mp/kf OAHOMOMCHTHa ;ih6o 2 paaa b ACHb no 250 mf/kf b xeqenHe 
: o AHen. ]I;ioxo pacTBOpHMhifl x;iopna;i.noAaT MeTHJiKo6a;iaMHHa bboahjth nepooajibHO e 2% 
I KpaxMa^HOH cycneH3HH b cyicqHofl A03e 500 mf/kf b xeqeHHe 5 ahcA h;ih 2 pasa c hhtcp^ 
Ba;ioM 96 q CyromiaH Aoaa BBOAHJiacb oAHOMOMeHTHo h;ih no 250 mf 2 paaa b ACHb MTX 
(})HpMW «LederIc» HcnoJibsoaajiH b Aose 10 mf/kf BiiyTpH6piomHHHO c HHTepeajiOM 96 i 
B HaiuHx HccJicAOBaHHflx aKTHBHocTb Ko6a;iaMHHOBbix npoHSBOAHbix Hayqena He T0;ib- 
f ^NSC-lT^g^"*'''^^""'^'^ npHMeneHHH c MTX. ho TaK>Ke c xhho;ihhobum npoHSBOAHWM 

/Y^ 

ii /! — 
|; = npenapar no;iyqeH naMH H3 HauHonavibHoro HHCTHTyja pana ClUA b cooTBexcTBHH c 

I- corjiameHHeM o corpyAHnqecTBe mxsy CCCP h CIIJA b o6;iacTH XHMHorepanHH onyxo;iefi 
.... ^or;iacHO xapaKTepncTHKe. npeACTasjieHHofl aMepHKancKHMH yqeHbiMH, npenapar hwihctcji 
HHFHGHTopoM MeTHOHMHCHHTeTaaw (Carter h coaBT.). XHHcaHHOBoe npoH3BOAHoe npHMeH«. 
|::: : -^H BHyTpH6pioiUHHHo B A03e 5 mf/kf CMceAHeBHo h;ih c HHTepBa;iOM 96 q, qro cocraBJiHer no- 
li;::. .. .. JiOBHHV MaKCHMajibHo nepeHOCHMOH Aosbi A^ifl HcnojibsoBaHHoro pe>KHMa. Jleqenwe HaqHHa- 
| :: JiH qepes 48 ^ nocjie ncpesHBKH onyxo^nn. PeayjibTaxu BosAeficiBHji ouenHBa/iH qepea 24 h 
:. Hocjic oKOHqaHHfl Kypca .'icqenHH h b paa.iHHHbie cpoKH na npoxjixeHHH >kh3Hh xchboxhwx 
. ivpHxepHeM atpcpeKTHBHOcrn c;iy>KHviH npoueHx xopmoxcchha pocra onyxo.nH, BuqHCJiJieMOH no 
»ycjioBHOMy oe-beMy, ii yBCJiHqeHHc npoAai>KHre;ibHOCTH >kh3hh >KHBoxHbix. B KajKAOM h3 
p::;: : onMxoB KoHTpo^ibHbie H onwxHue rpynnu cocTaBJiH;iH xaK. qxo6bi hx qncjienirocxb oSecneqH- 
|:;%;. Ba.na cxaxHCTHqecKyro snaqKMOcxb MHHHMa;ibHLix yqHthiBaeMbix npoueHioa xopMOHceHHH 
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pocra onyxojiCH (50%) h yeeJiHqeHHfl npoAo;iacHTe;ibHocTH xh3hh Muuieft (25%). B co- 
OTBercTBHH c yKaaaHHbiMH TpeCoeaHHHMH onbiTHue rpynnu coctohjih h3 6—10 Mbioiefi, a 
KonTpo;ibHbic — H3 6—13 jkhbothux, b aasHCHMOCTH oT Hcno;ib3yeMoro uixaMMa onyxoJiH. 

PeayjibTaxbi h hx o6cy«;oieHHe. B npose/ieHHbix HccJieAOBa- 
HHflx BnepBue oSHapyjKeHo CTHMyjiHpyioiuee bjihahhc MeTHJiKo6a;iaMHHa 
Ha pocT nepesHBaeMMx onyxoiieii Ca-755, AKATOJI, b MeHbuieA cTeneHH — 
Ha pocT PllJM-5 (raSji. 1), HaH6ojrbmaH HHxeHCHBHOCTb pocra onyxojiH 
noA B03AeHCTBHeM MCTHJiKoSajiaMHHa Ha6;iK)AaJiacb npH nepeBHBKe Ca-755 
MuuiaM-rH6pHAaM BDFi (180%) no cpasHeHHio c pocxoM toh Hce onyxojiH 
y MhiuieH HHCTOH jiHHHH C57BL CTHMyjiHUHH pasMHOxceHHH onyxo/ieBUX 
KJieTOK npoHcxoAHJia B nepHOA BBeACHHJi MexHJiKofiaJiaMHHa; HaH6oJibmee 
pa3;iHMHe b sejimnne onyxo;ieft y >khboxhux onuxHofi h KOHxpoJibhOH 
rpynn BUHSJieHo HenocpeAcxBCHHo nocjie oKonqaHHH BBeAeHHH npenapaxa. 
B nocJieAyioiUHe cpoKH pocx onyxojieA y Mhimeft, nojiynaBiuHX MexHji- 
Ko6a;iaMHH» 3aMeA.iH;iCH. ripn nepeBHBKe AKATO/I MumaM pasHoro nom 
HHxeHCHBHocxb pocxa onyxoJiH npH BOSAeftcxBHH MexHjiKo6ajiaMHHa pas- 
Jimm. CxHMyjiHpyioinee AeficxBHe npenapaxa StiJio SHaHHxeJibnee Bupaxce- 
Ho y caMuoB (cm. xa6;i. 1). 

KaK H cjieAOBajio o>KHAaxb, HSo^iHpoBaHHoe BOSAeftcTBHe anajioroB mc- 
xHJiKo6ajiaMHHOB xopMOSHJio pocx nepeBHBaeMbix onyxo;iefi Ca-755» 
PllIM-5 B Hefiojibiuofi cxeneHH h .aHuib aenocpeAcxBeHHo nocjie BseAeHHH 
npenapaxoB (xa6ji. 2). 

npH cpaBHHxeJibHOH oueHKe HaH6o;ibmaH HHrafiHpyiomaH aKXHBHOcxb 
oCaapyiKeHa npn HcnoJibsoBaHHH xjiopnajiJioAoaxa MexH;iKo6a;iaMHHa. ScJ)- 
(J)eKXHBHocTb xopMOJKeHHH pocxa Ca-755 6HJia 6ojiee BbipajKena y Mbmiefl- 
rH6pHA0B BDFi no cpaBHCHHio c MbiiuaMH C57BI. KaK 6bi;io ynasaHo, hmch- 
Ho y Mbiniefi BDFi b SHa^HxeJibHo 6oJibmefl cxeneHH npoHBJiHJiocb h cxHMy- 
jiHpyramee achcxbhc MexH;iKo6aJiaMHHa. B 3xoh cepHH ohlixob npoAO^iJKH- 
xcjibHocxb >kh3hh MHUiefi BDFi c aAenoKapuHHOMOH uojiowoPl HceJiesw 
npH B03AeHcxBHH CF2ClCbl H xjiopnajiJiOAaxa MexHjiKoSajiaMHHa yBejiHHH- 
Bajiacb Ha 50% (cm. xa6;i. 2). B xo see BpeMH npw BBeAeHHH npoHssoAHHx 
MexHJiKoSaJiaMHHa oxcyxcxBOBaji 3(j)4)eKx xopMo^eHHfl pocxa AKATOJI. 
OxMe^eHo 6o;ibmoe pasjiHMHC b AeftcxBHH Ko6a;iaMHHOBux npoHSBOAHwx 
Ha onyxoJib b saBHCHMOCTH ox pejKHMa hx npHMeneHKH (cm. xa6ji. 2). Ilo- 

BHAHMOMy, npH OAHOKpaXHOM BBCAeHKH 60JIbUIOK[ A03H (500 MP/Kr) B03- 

Mo^Ha AHCcouHauHH npenapaxoB c nocjiCAywiUHM o6pa30BaHHeM aKXHSHofi 
4)0pMbi. cxHMyjiHpyromeH pocx onyxojiH. 

B cooxBexcxBHH c HaiuHM npeAno;io>KeHHeM npH KOM6HHHpoBaHHH ana- 
jioroB MexH;iKo6a;iaMHHa c MTX o6Hapy>KeHo ycH^ieHHe hx AeficxBHH Ha 
onyxojib (Ca-755, PIlIM-5; xa6ji. 3). yaejiHwcHHe npoxHBoonyxoJieBoro s^- 
4)eKxa B pe3yjibxaxe KOM6HHHpoBaHHoro BosAeficxBHa npoHBJiHJiocb neno- 
cpeACTBeHHO nocjie Kvpca BseAeHHH npenapaxoB h, ocoSeiiHO, b nocjieAyio- 
mnfi nepHOA: KorAa 3(})(})eKx AeHcxBHH oahopo MTX ysce oxcyxcxBOBaA, 
coxpaHHJicfl AOcxaxoMHO BbicoKHM npoucHx xopMOKeHHH pocxa onyxojiH. 

Ta6 ;t H ixa 1 

BjiHsiHHe MeTH;iKo6aJiaMHHa he pocT HeKoropbix nepesHeaeMbix onyxonefi 



Onyxojib 


Ao3a npe- 
napara, 
MKr/Kr 


CpoK BBeAeHHH npenapa- 
ra noc^e npuBHBKH ony- 


PocT onyxoriH nocJie BaeAeHHn 
npenapara, % k KOHTpOJifO 


I ACHb 


7 AHeft 


14 AHeR 


Ca.755 C7BL 


10 


2-fi H 6-fi 


+74 


+21 


+23 


BDF, • 


10 




+160 


+65 


+ i0 


AKATOJI: 


10 


2-H H 6-fl 


+20 


+23 


+31 


CaMKH 












caMUu 


10 


2-H H 6-ft 


+ 126 


+37 


+33 



ripBuenaHue. 3Aecb n b Ta6;i. 2—6 shbk «n;iK)c> odoaHaqaer CTHuyjinuHK) pocra onyxonH. 
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'e;ibH0CTH XCU3HH MUiUeA (25%). B co- 
; rpynnbi coctohjih h3 6—10 Mumefi, a 
H OT HcnoJibsyeMoro lutaMMa onyxo;iH, 

H e. B npoBe;ieHHhix HccnejioBa- 
luee B;iHHHHe MeTHJiKo6a;iaMHHa 
AKATOJI, B MCHbiiieH CTencHH — 
n HHTCHCHBHOCTb pocia onyxojiH 
jiioASiJiach npH nepesHBKe Ca-755 

HCHHK) C pOCTOM TOH >Ke OnyXOJIH 
HUHfl pa3MH0>KeHHfl onyxo^iCBhix 
MeTH;iKo6aJiaMHHa; HaH6ojifauiee 

PHhlX OnUTHOH H KOHTpOJIbHOH 

OKOHHaHHH BBCAeHHH npcnapaxa. 
y MbimeH, nojiynaBiuHX MeTHji- 
AKATOJI MumaM pasHoro no;ia 
CHCTBHH MeTHJiKo6a;iaMHHa pa3- 
axa 6h!;io SHaMHTejibHee Bhipa^e- 

aHHoe BOSAeftcTBHe aHa;ioroB mc- 
»eBHBaeMbix onyxo^ieA Ca-755, 
enocpeACTBCHHO nocjie BseAeHHH 

man HHrH6HpyK)maH aKXHBHocrb 
jiOAoara MeTH;iKo6ajiaMHHa. 3^- 
HJia Sojiee BupajKCHa y muuich- 
C57BI. KaK 6biJio yKaaaHo, hmch- 

H CXenCHH npOHBJIHJIOCb H CXHMy- 
► 3X0H CepHH OnblXOB npOAOJIJKH- 
(KapUHHOMOM MOJIOMHOH JKCJieSbl 

;axa MexHjiKoSajiaMHHa yaejiHtiH- 

teMH npH BBeACHHH npOH3BOAHbIX 

xopMo^eHHH pocxa AKATOJI. 

K06aJiaMHH0BbIX npOHSBOAHblX 

npHMeHeHHH (cm. xa6ji. 2). Ilo- 

io^bUIOH A03H (500 Mf/kf) B03- 
yiOIUHM oSpaaOBaHHCM aKXHBHOH 

iHHCM npH KOM6HHHpOBaHHH aHa- 

KeHO ycHJieHHe hx achcxahh Ha 
HHCHHe npoxHBOonyxo;ieBoro 34)- 

B03fleHCXBHH npOHBJIflJIOCb HCnO- 

paxoB H, oco6eHHO, b nocJieAyio- 
AHoro MTX y>Ke oxcyxcxBOBaji, 
' xopMOJKeHHJi pocxa onyxoJiH. 

Ta€ ;iH ua 1 
opbix nepeBHBaeMux onyxojieA 



npoTHBOonyxoAeBoe AeScrsHe aHajioroe MeTHJiKo6ajiaMHHa 



npenapa- 
:bku ony- 


PocT onyxojiB nocJie seeAeHHR 
npenapara. % k kohtpo;ik> 


H 


1 ACHb 


7 Aaefl 




-ft 
-ft 
-ft 


+74 
+ 180 
+20 


+21 

+65 
+23 




1-23 
-10 
-31 


-ft 


+ 126 


+37 


+33 



Onyxojib 


npenapBT 


ci 

V X 

K b 

3 

0 « 
<?. 


oe 6 

X 0 X 

- s t: te X 

« 0 a ^ 
to X . 


XopMOJKCHHe pocTa onyxoyiH, % 
K KOKTpanio 


0 sSS 

"Si 

3£ s 0 


I AeHb 




15 AHeft 


a-755 


X;iopAH<J>TopMe- 


250+250 


2— 6.fl 


30 


+8 




54 




TH;iKo6ajiaMHH 


250+250 


2— 6-fl 


43 


38 


0 


16 


PiIIM-5 


(CFtCICbl) 


250+250 


2— 6-fi 


0 


0 


0 


0 


AKATOJI 














Ca-755 


KoMHJieKC TpH- 


250+250 


2— 6-fi 


90 


59 




50 


(BDF,) 


XinopMeranKoCa- 


500 


2— 6.H 


13 


16 


20 




jiaMHHa c 


250+250 


2— 6-fi 


80 


23 


0 


10 


PIIIM.5 


(MetCb.PdCIs) 


500 


2— 6-fi 


+ 130 


+15 


+18 


0 


AKATOJI 


250-f-250 


2— 6-fl 


0 


0 


0 


0 



> o6o3BatiaeT CTHMyiiimHio pocra onyxoJiu. 



r : : Rjin noHHMaHHH B03M03KHoro MexaHH3Ma AeHCXBHH anajioroB MexHJi- 
I' i. ; KofiajiaMHHa b opraHHSMC >KHD0XHhix 6hiJi ocyiuecxBJieH cpaBHHxejibHUH 
anajiHs pocxa xex >Ke onyxoJiCBWx luxaMMOB npH HsoJiHpoBaHHOM b;ihhhhh 
I: • : HHrH6Hxopa MexHOHHHCHHxexasH — xHHOJiHHOBoro npoH3BOAHoro — H ero 
I coqexaHHoro bosachcxbhh c MTX. TopMo>KeHHe pocxa Ca-755, PIlIM-5 h 
1'::' AKATOJI yBCJiHHHBajiocb b saBHCHMOcxH ox KOHueHxpauHH npenapaxa. 
HaH6ojiee 3(J)(|)eKXHBHo npenapax BOSAeAcxBOBaji na Ca-755. IlpH yseJiH- 
^CHHH A03bi OX 5 AO 15 mf/kf xopMo>KeHHe pocxa onyxo;iH Bospacxa^io coox- 
L BexcxBCHHO AO 40 H 96%. OAHaKo c yBejiHHCHHeM aosh npenapaxa saMexHO 
I Bospacxajia h ero xoKCHHHOcxb. HanpHMep, npH uixaMMax ;iefiK030B 
I L-1210 H La HaH6o;iee onxHMaJibHoft ao30h, no HauiHM AaHHMM, HBJiHJiacb 
|: A03a 10 mf/kf, npH KOxopOH B 3 — 4 pasa yaejiHqHBajiacb npoAo;ixcHxejib- 

tr'' HOCXb HCH3HH ^HBOXHblX. FIpH yMCHbUieKHH AOSbl 3(})(j)eKX B03AeHCXBHH npC- 

l::;: . napaxa na Mbjuieft c .icHKOsaMH fiuji cymecxBCHHo hhhcc. IlpH cojihahux 
I? onyxoji«x b naiuHx HccneAOBaHHHX He 6u;io oxmcmcho 3HaqHxe;ibHoro yse- 

jimeHHH npoAo;i>KHxe;ibHOcxH kh3hh Mbiuiefi. Flpn coqexaHHOM BBCAenHH 
fjX: . npenapaxa c MTX Aaxce b Ma;ioM A03e (5 mf/kf) Ha6;iiOAaJiacb cyMMauHH 
I;.;:; :.: . 34)4)eKxa, hxo noAXBep>KAaJio yBeJiH^cHHe xopMOJKeHHH pocxa onyxojiH 

(xa6Ji. 4). FIpH 6o.iee hosahcm naMajie Jie^eKHH jkhboxhhx (na S-ii ACHb 

nocjie nepeBHBKii onyxoJiH) h e^KeAHCBHOM BBeACHHH npenapaxos b xene- 
Iri' HHe 5 cyr (5 mf/kf xhhovihhobofo npoHSBOAHOFO; 2 mf/kf MTX) pesyjibxa- 
t;."' : xw 6bi;iH eme 6o-aee AeMOHcxpaxHBHbi (Ca-755), ho npn cyMMapHOM bo3- 

achcxbhh yBejiHHHBa,iacb xaKJKe h o6maJ! xoKCHWHocxb (xa6ji. 5). 

liBV: yBeJIMMCHHe XOpMOJKeHHH pOCXa OnyXOJlH H npOAOJIXCHXeJIbHOCXH ;kh3hh 

I;;-!- . JKHBOXHHX oTMeHeHo npH K0M6HHHpoBaHH0M B03AeHCXBHH xJiopna;i;iOAaxa 
MexHJiKo6ajiaMHHa h xhhojihhobofo npoHSBOAHOFO (NSC-176319; Ta6j3. 6). 

Il: yMHXblBafl yCHJieHHe ACHCXBHH MTX npH eFO KOMSHHHpOBaHHOM HCnOJIbSO- 

gl- . BaHHH c anajioraMH MexHJiKofiajiaMHHa h hhfh6hxopom MexHOHHHCHHxexa- 
3bi, MH ocymecxBHJiH KOM6HHHpoBaHHoe jieueHHc MLiiiieH c Ca-755 c npH- 
' lli; "; MeneHHeM Bcex 3 hhfhShxopob: MTX, xhhojihhobofo npoHSBOAHOFO h naH- 
P^; 6o«iee aKXHBHOFO ana.iora KoSajiaMHHOBoro KO(J)epMeHxa — x.iopnaJi.naAaTa 
p:.v MexHJiKo6aJiaMHHa (cm, xa6;i. 6). 

||;r B pesyjibxaxe KOM6HHHpoBaHHOFO npHMenenHH hhfh6hxopob mcxhokhh- 
g-'ir cHHxexashr h AHrHApo4)o;iaxpeAyKxa3u SHa^HxeJibHO ycHJiHsajiocb npoxHBo- 
I; . onyxojiesoe AeficxBHe, oco6eHHo b oxAa;ieHHbie cpoKH noc*ae OKOHqanHH Jie- 
pi 'ieHHH. B 3XHX ycjiOBHHx Mcpes 2 HeA nocjie OKOHMaHHH BBeAeHHH npenapa- 
|:.;; . xoB xopMO>KeHHe pocxa onyxoJiH cocxaBJiHJio 85%, b xo BpeMH KaK b Fpyn- 
nax MbimeH, nojiynaBiuHx Ka>KAoe h3 Hcc^ieAyeMux coeAHHenHH H3o/iHpo- 
I:!: ^ BaHHO hjih K0M6HHauHK) h3 2 npenapaxoB, b 3xh cpoKH yrnexeHHe pocxa 
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onyxo;ieft npaKTHnecKH oxcyrcTBOBajio. Oahhko cjie^yeT oTMexHTb, mto 

OAHOBpeMCHHO nOBUUiaJiaCb rOKCHUHOCTb. yCTaHOBJlCHO laKJKe, HTO jiePi- 

cTBHe KOMSHHauHH npenapaiOB cymecTBeHHo H3MeHH;iocb b aasHCHMOCTH or 
nocjieAOBarejibHOCTH BBe;ieHHH KOMdHHaHxoB h HHxepBajioB Mexeay hhmh. 
TaK, oAHOBpeMCHHoe BBe;ieHHe NSC-176319 h MTX oKaaajiocb sHaqHTCJib- 

HO MCHee TOKCH^HHM JUIH OpraHH3Ma, qeM BBCAeHHe HX C HHTepBa;iOM 3 M 

npH paBHOM npoTHBOonyxoJiCBOM 3(i)(J)eKTe. 

TaKHM odpasoM, peayjibTaTu 3KcnepHMeHTa;ibHbix HccjieAOBaHHH noA- 
TBepjKAajoT Haiiie npe;inojio>KeHHe o bo3mo>khocth ycHJicHHH npoTHBOony- 
xojiesoro fleftcTBHH MTX c noMoutbio aHajiorOB MexH.TKoSajiaMHHa h HHni- 
6HTopa MeTHOHMHCHHTeraaw. 3to oiKpuBaer hobwh hoaxoa k JieqefiHOMV 
B03AeftcTBHH> Ha onyxoJiH c HcnoJibaoBaHHCM aHxaroHHCTOB (j)H3Ho;iorHqe- 
CKoro peryjiHTopa oSMeaa coeAHHeHHfi d^ojiHesofi KHc;ioTbi b opraHHSMe. 
HaMH ycTaHOBJiCHa npOTHBOonyxcjieBan aKXHBHocTb aHraroHHcroB Ko6a- 
;iaMHHOBoro KO(})epMeHTa. OAHaKo aicTHBHocTb HccneAOBaHHux anajioroB 
MeTH;iKo6aJiaMHHa, 6;ioKHpyK)mHx onpcAejicHHwe MeiaSojiMqecKHe sseHbH, 
HCAOcraToqHa BucoKa HJin nojiHoro h AJiHTe;ibHoro ropMOMceHHH pocra 
onyxoiiH. npoTHBoonyxojieeoe AeftcxBHe aHa;ioroB Ko6a.iaMHHOBoro Ko4)ep- 
MCHTa Mo^er 6uTb SHaHHrejibHo ycHJieno nyrcM iix KOM6HHHpoBaHHoro 
npHMenenHH c MTX. FTojiyMeHHwe 3KcnepHMeHTa;ibHue AaHHue yKashiBaiOT 
Ha ue;iecoo6pa3HocTb HcnuTaHHJi 3tJ)(})eKTHBH0CTH aHa^nornqHoro pOAa kom- 
6HHauHfi B KJiHHHKe. Hauia ocHOBHaH saAaqa b nacTOfliuee BpeMH coctoht 
B pa3pa6oTKe onxHMajibHoro pexHMa KOMfiHHHpoBaHHoro JieqeHHH onyxo- 
Jieft yKaaaHHbiMH npenapaxaMH na ocHose BcecropoHHero aHa;iH3a Mexa- 
HH3Ma HX coqeraHHoro AeHcxBHJi b opraHHSMe. 
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POSSIBILIXY OF POTENXIATING THE ANTINEOPLASTIC ACTION OF FOLIC ACID 
ANTAGONIST BY METHYLCOBALAMINE ANALOGUES 
Z. P, Sofyina, V. Myasischeva, F. G. Arsenyan, A. M. Yurkevich 

Summary. The effect of methylcobalamine and its analogues (difluoro-chlorome- 
thylcobalamine — CFzCICbl and methylcobalamine chloropalladate — MetCbl-DdCls) on 
the growth of transplantable tumours in mice: adenocarcinoma of the mammary gland 
(Ca-755). carcinoma of the uterine cervix (CUC-5), carcinoma of the intestine (ACATOL) 
was studied. The activity of the cobalamine coenzyme analogues was investigated when 
used alone or combined with inhibitors of dehydrofolate reductase and methyonine syn- 
thetase. The results of the experiments indicate a stimulating effect of methylcobalamine 
on the growth of transplantable solid tumours in the animal organism. The antitumour 
activity of the methylcobalamine analogues studied was found to be higher in combined 
application with methotrexate. The most effective inhibition of tumour growth and the 
longer survival of the animals were achieved in combined application of methylcobalamine 
with methotrexate and methyonine synthetase inhibitor, depending upon the scheme of 
administration. 
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Synthesis, Properties and Microbiological Activity of 
Hydrophobic Derivatives of Vitamin B12 

Yusuke Takahata, Ari Nishizawa, Ichiro Kojima,' 
Mamoni Yamanishi, and Tetsuo Toraya* 

Department of Biotechnology, Faculty of Engineering, Okayama University, 
Tsushima-Naka, Okayama 700, Japan 
* Central Technical Research Laboratory, Nippon Oil Company, 
Ltd,, 8, Chidori-cho, Naka-ku, Yokohama 231, Japan 
(Received June U 1995) 

Summary Long chain alkylcobalamins and long chain acyl-cyanoco- 
balamins, two types of hydrophobic derivatives of vitamin Bi2» were 
synthesized. It was shown by TLC and determination of the partition 
coefficient between organic and aqueous phases that the hydrophobicity of 
alkylcobalamins and acyl-cyanocobalamins increased with the chain 
length of the alkyi or acyl group introduced into cobalamin. Long chain 
alkylcobalamins were easily converted to aquacobalamin by photoirradia- 
tion, but the first-order rate constant of photolysis decreased with the 
length of an alkyl group. Long chain acyl-cyanocobalamins were gradu- 
ally hydrolyzed to cyanocobalamin in neutral or alkaline solution with the 
pseudo-first order rate constant increasing with the pH of the solution. 
Stabilization of acyl-cyanocobalamins toward hydrolysis was achieved by 
introducing a methyl group into the a-position of an acyl group. All the 
long chain alkylcobalamins tested supported the growth of Escherichia coli 
215, a cobalamin- or L-methionine-auxotroph, and Lactobacillus leichma- 
nnii, although their activity as cobalamin was at most 28% and 15% that 
of cyanocobalamin for£. coli 215 andL. leichmannii, respectively. 
Key Words vitamin B^, alkylcobalamin, acyl-cyanocobalamin, hydro- 
phobic Bi2 derivatives, microbiological activity. 

Vitamin Bi2 or Cbl is an essential micronutrient for humans. When taken up 
into living cells, it is converted into the two coenzyme forms, AdoCbl and MeCbl, 
and participates as coenzymes in several enzymatic reactions. This vitamin was first 

* To whom correspondence should be addressed. 

Abbreviations: Cbl, cobalamin; AdoCbl, adenosylcobalamin or coenzyme B12; 
MeCbl, methylcobidamin; CN-Cbl, cyanocobalamin or vitamin Bn; EtCbl, ethylcobala- 
min; aqCbl, aquacobalamin; Cbl°, cob(II)alamin or Bi2r; Cbl', cob(I)alamin or B12,; 
DMSO, dimethyl sulfoxide; DMF, iV,^-dimethylfonnamidc. 

515 



Material may be protected by copyright law (Title 17, U.S. Code) 



516 



Y. TAKAHATA ct al. 



isolated as an anti-pernicious anemia factor in the liver (7,2). It has been also 
established that intrinsic factor in gastric juice is required for its intestinal absorp- 
tion (3). The complex of the vitamin with this glycoprotein traverses the small 
bowel to the distal ileum where Cbl is absorbed into the intestinal cells through the 
ileal receptor for intrinsic factor-Cbl (4,5), Cbl bound to transcobalamin II is 
taken up by the cells through the receptor for transcobalamin II (6). 

Malabsorption of cobalamin leads to pernicious anemia or other metabolic 
disorders caused by cobalamin deficiency. Congenital intrinsic factor deficiency is 
known to be the most common cause of cobalamin malabsorption (7). 

For such patients, it would be very beneficial if easily absorbable derivatives of 
Cbl were available which could be incorporated into the cells not by the normal 
absorption and transport systems but by passive diffusion. These derivatives may 
become effective therapeutic agents. Hydrophobic Cbl derivatives are possible 
candidates for such easily absorbable derivatives. In addition, it is desirable that 
hydrophobic groups introduced into Cbl are severed from these derivatives under 
physiological conditions forming nontoxic compounds. In the present paper, we 
designed and synthesized two types of hydrophobic derivatives of Cbl, alkyl-Cbl 
and acyl-CN-Cbl, which can be back converted into Cbl itself in living organisms. 
Some of their properties and microbiological activity is reported here. 

EXPERIMENTAL PROCEDURES 

Chemicals. 2-Methylbutyric anhydride was synthesized by reaction of 2- 
methylbutyryl chloride with pyridinium 2-methylbutyrate- 2-Methylbutyryl chlo- 
ride was synthesized by reaction of 2-methylbutyric acid with thionyl chloride. 
CN-Cbl was obtained from Glaxo Research Laboratories, Greenford, UK. All 
other chemicals were reagent grade commercial products and were used without 
further purification. 

Analytical procedures. Purity and hydrophobicity of alkyl-Cbl and acyl-CN- 
Cbl synthesized were evaluated by TLC on silica gel. The solvent systems used are 
(A) water-saturated 2-butanol; and (B) 1 -butanol/2-propanol/water (10:7:10, 
v/v). Paper electrophoresis was performed in 0.5 M acetic acid (pH 2.7) or in 10 
mM potassium phosphate buffer (pH 7.0). The concentration of Cbl was deter- 
mined spectrophotometrically after conversion to dicyano-Cbl. Alkyl-Cbl were 
converted to dicyano-Cbl by photolysis in the presence of 0.1m KCN. s^sj of 
30.4X 10^M"'cm~' for dicyano-Cbl (5) was used throughout. UV and visible 
spectra were measured on a Union SM-401 or a Milton Roy SP-3000 recording 
spectrometer. Positive-ion fast atom bombardment-mass spectrometry (FAB-MS) 
was carried out on a VG-70SE mass spectrometer. 

Synthesis and purification of octadecyl-Cbl and other hydrophobic alkyl-Cbl 
CN-Cbl (50mg, 37/zmol) in 5 ml of water was reduced with ISOmg (4.0mmol) of 
NaBH4. After 15min at room temperature, 125 mg (0.37 mmol) of octadecyl 
bromide in 5 ml of ethano] was added in the dark. The reaction was terminated 90 
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min later by adding 5 ml of 30% (v/v) acetone. The reaction mixture was diluted 
with 50 ml of water and the product octadecyl-Cbl was extracted with 30 ml of 1- 
butanol. The l-butanol extraction was repeated twice. After washing with 10-20 
ml of water three times, the l-butanol layer pooled was evaporated to dryness. The 
residue was suspended in 20 ml of water and applied to carboxymethylcellulose (H^ 
form). After washing the column with water, the product was eluted with 1 M 
NaCl in 30% ethanoL Octadecyl-Cbl desalted by re-extraction with l-butanol after 
adjusting the pH to 7 was confirmed to be homogeneous by TLC and stored at 
^20*^C as a solution in 30% ethanol. 

Other hydrophobic alkyl-Cbl, such as dodecyl-, octyl- and hexyl-Cbl, were 
synthesized, desalted and purified by similar procedures, EtCbl was desalted 
conventionally by extraction with phenol instead of l-butanol because of its low 
hydrophobicity. 

Synthesis of dodecanoyl-CN-Cbl and other hydrophobic acyUCN-CbL Dodec- 
anoic anhydride (0.61 g, 1.6mmol) was melted by warming up to 42°C. CN-Cbl 
(20 mg, 15//mol) in 5 ml of a mixture of dry DMSO and DMF (1:1, v/v) was 
added, and the reaction mixture was kept at 42°C with vigorous stirring. After 23 
h, the reaction was terminated by adding 10 ml of diethyl ether and 10 ml of water 
in this order. The product was extracted by adding 40 ml of diethyl ether and 40 
ml of water to the reaction mixture. The aqueous layer was washed three times 
with 20 ml of diethyl ether, concentrated to a small volume, and applied to a column 
of XAD-2. After washing the column with water, the product was eluted with 50% 
2-methyl-2-propanol. The Cbl-containing fractions were collected and evaporated 
to dryness. The desired product was further purified to homogeneity by paper 
chromatography in solvent B and HPLC on a reverse-phase (ODS) column 
(Cosmosil 5Ci8, Nacalai Tesque, Japan) using 62% methanol as mobile phase and 
stored at — 80°C as a solution in 30% ethanol. 

Other hydrophobic acyl-CN-Cbl were synthesized and purified by the same 
procedures except for the reaction temperature (72°C for octadecanoyl-, 38^*0 for 
decanoyl-, room temperature for octanoyl- and propionyl-CN-Cbl) and the metha- 
nol concentration of the mobile phase in HPLC (78% for octadecanoyl-, 55% for 
decanoyl-, 53% for octanoyl-, and 25% for propionyl-CN-Cbl). Pentanoyl-, 2- 
methylbutyryl- and 2,2-dimethylpropionyl-CN-Cbl were also synthesized by reac- 
tion of CN-Cbl with the corresponding acid anhydrides in DMSO at room 
temperature for 1, 5 and 3 days, respectively. 

Alternative methods of purification of hydrophobic acyUCN-Cbl Since the 
above-mentioned purification procedure is laborious and is not suitable for large 
scale preparation, a brief method of purification was also developed. Hydrophobic 
acyl-CN-Cbl desalted by XAD-2 column chromatography as described above was 
purified by preparative TLC on silica gel in solvent A, desorbed from silica gel with 
1-decanol and then precipitated by adding diethyl ether to the 1-decanol layer. The 
purity of dodecanoyl-CN-Cbl thus obtained was more than 95%. 

Pentanoyl-CN-Cbl was purified by column chromatography on ODS (YMC 
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Co., Ltd., Japan) using 50% methanol. 2-Methylbutyryl- and 2,2-dimethylpro- 
pionyl-CN-Cbl were purified by preparative TLC on silica gel using solvent A, 
followed by column chromatography on ODS. 

Determination of partition coefficients between organic and aqueous phases. 
Equal volumes of 1-butanol or 1-decanol and water were added to a small amount 
of the synthesized alkyl-Cbl or acyl-CN-Cbl. After mixing vigorously with a Vortex 
for 1 min, the mixture was allowed to stand for 3 h. Concentrations of each Cbl in 
the organic and aqueous phases were then determined spectrophotometrically from 
the absorbance at 50O-525 nm for alkyl-Cbl or 550 nm for acyl-CN-Cbl. 1-Butanol, 
1-decanol, chloroform, ethyl acetate and hexane were used as organic solvents. 

Rates of hydrolytic conversion of acyl-CN-Cbl into CN-Cbl Acyl-CN-Cbl was 
allowed to stand at 37 °C in buffers of various pH. A small aliquot was withdrawn 
at an appropriate time intervals and appUed to a column of ODS. After washing the 
column with water, the desalted Cbl-containing fraction was obtained by eluting 
with 100% methanol. The ratio of CN-Cbl formed to acyl-CN-Cbl remaining was 
analyzed by HPLC on the ODS column using 30% methanol as the mobile phase. 
Pseudo-first order rate constants (k) for hydrolysis of propionyl-CN-Cbl into 
CN-Cbl were determined at various pH by graphic analyses. 

Determination of biological activity. Microbiological activity as Cbl was de- 
termined by the growth-supporting eflfects of long chain alkyl-Cbl for Escherichia 
coli 215, a Cbl- or L-methionine-auxotroph (9), and Lactobacillus leichmannii (10). 
The assay media and procedures were the same as those described previously (ii), 
except that long chain alkyl-Cbl in 70% ethanol were added to the assay media 
without steriUzation to a final ethanol concentration of 0.7% (v/v). An EC50 value 
was defined as a concentration of CN-Cbl or each derivative which gives the 
half-maximum growth of the test organisms. The maximum growth was obtained 
at a CN-Cbl concentration more than 1 nM for both E, coli 215 and L. leichmannii 

RESULTS AND DISCUSSION 

Confirmation of the synthesis of long chain alkyl-Cbl 

Long chain alkyl-Cbl purified to homogeneity showed absorption spectra quite 
similar to that of MeCbl (data not shown). Upon acidification, the color of the 
synthetic compounds turned to yellow, and their spectra became identical with that 
of the base-off form of MeCbl. As expected, the relative mobility of octyl-Cbl to 
CN-Cbl upon paper electrophoresis at pH 2.7 was essentially the same as that of 
aqCbL However, the relative mobiUty of octadecyl-Cbl was much smaller than 
expected, probably because of its high hydrophobicity. The FAB-mass spectrum of 
dodecyl-Cbl (MW 1,497.8) exhibited a peak of quasimolecular ion (MH^) at m/e 
1499 (Fig. 1 A), The prominent peak at m/e 1330 was assigned to the fragment ion 
(MH"*^ — C12H25). The same fragment ion peak (MH^ — CN) was observed at mje 
1331 with authentic CN-Cbl (MW 1,355.4) (Fig. IC). The peaks observed at mje 
1069 and 971 were also detected with CN-Cbl. Thus, these peaks can be assigned 
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Fig. 1. FAB-mass spectra of dodecyl-Cbl (A), propionyl-CN-Cbl (B) and CN-Cbl 
(C). 

to the fragment ions (MH^ — C12H25— a-ribazol-3'-yl) and (MH^ — CnHzs-a- 
ribazole-3'-phosphate), respectively. From these results, it was concluded that the 
compound analyzed by FAB-MS is certainly dodecyl-Cbl. Threrfore, other com- 
pounds synthesized and purified by the same method can be considered to be the 
right compounds. 
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Confirmation of the synthesis of acyUCN^Cbl 

Long chain acyl-CN-Cbl purified to homogeneity showed absorption spectra 
identical to that of CN-Cbl (data not shown). The FAB-mass spectrum of 
propionyl-CN-Cbl (MW 1,411.5) did not provide the molecular ion or quasimole- 
cular ion peak (Fig, IB). However, the prominent peak appeared at mje 1386 can 
be assigned to the fragment ion formed by removal of CN from quasimolecular ion 
(MH"*" — CN). The peaks at mje 1070 and 972 were observed in common at mje 
1069 and 971 with authentic CN-Cbl (Fig. IC) and dodecyl-Cbl (Fig. lA). 
Therefore, it was concluded that this compound is certainly propionyl-CN-Cbl. It 
is evident that monoacylated CN-Cbl is the major product formed under the 
reaction conditions. In the synthesis of long chain acyl-CN-Cbl, some hydrophobic 
impurities were formed which were also back converted to CN-Cbl. As reported 
previously for succinylation of CN-Cbl {12), there are two sites to be acylated in 
CN-Cbl — namely, 5'-OH and 2'-OH of the ribose moiety of the nucleotide loop. 
From the difference of primary and secondary alcohols in reactivity toward acid 
anhydride, it is Ukely that the major product is the O^'-monoacylated and one of the 
minor products is O^'-acyl-CN-Cbl, although the location of the acyl group was not 
determined yet. 

Hydrophobicity of long chain alkyl-Cbl and acyUCN-Cbl 

The hydrophobicity of the alkyl-Cbl and acyl-CN-Cbl synthesized was evalu- 
ated by TLC on silica gel in two solvent systems. As shown in Table 1, /?/ values 
of the derivatives become higher with increasing number of carbon atoms in an 
alkyl or acyl group introduced into Cbl. 

Hydrophobicity was also evaluated by determination of partition coefficients of 
alkyl-Cbl and acyl-CN-Cbl between organic and aqueous phases. As shown in 

Table 1. Rf Values of alkyl-Cbl and acyl-CN-Cbl in TLC on silica gel. 



Run No. Cbl 

Solvent A Solvent B 



1 


CN-Cbl 


0.08 


0.19 




MeCbl 


- 0.14 


0.32 




EtCbl 


0.15 


0.36 




Hexyl-Cbl 


0.18 


0.41 




Octyl-Cbl 


0.20 


0.42 




Dodecyl-Cbl 


0.21 


0.43 




Octadecyl-Cbl 


0.23 


0.44 


2 


CN-Cbl 


0.06 


0.22 




Propionyl-CN-Cbl 


0.07 


0.26 




Octanoyl-CN-Cbl 


0.17 


0.43 




Decanoyl-CN-Cbl 


0.17 


0.44 




Dodecanoyl-CN-Cbl 


0.18 


0.45 




Octadecanoyl-CN-Cbl 


0.20 


0.46 
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Table 2. Partition coefficients of alkyl-Cbl and acyl-CN-Cbl between organic and 
aqueous phases. 



Run No. Cbl 


Partition coefficient 


1-ButanoI/water 


1-DecanoI/water 


1 MeCbl 


0.25 


0.00 


EtCbl 


0.35 


0.00 


Hexyl-Cbl 


1.6 


0.01 


Octyl-Cbl 


4.2 


0.07 


Dodecyl-Cbl 


16 


6.0 


Octadecyl-Cbl 


25 


7.0 


2 Propionyl-CN-Cbl 


0.09 


0.00 


Octanoyl-CN-Cbl 


6.1 


0.23 


Dccanoyl-CN-Cbl 


28 


0.91 


Dodecanoyl-CN-Cbl 


31 


2.5 


Octadecanoyl-CN-Cbl 


58 


7.5 



Table 2, dodecyl-Cbl and octadecyl-Cbl, long chain homologs, were distributed 
chiefly into both the 1-butanol and 1-decanol phases rather than the aqueous phase^ 
while MeCbl, EtCbl, short chain homologs, were distributed chiefly into the 
aqueous phase. Middle chain homologs, such as hexyl-Cbl and octyl-Cbl, were 
distributed chiefly into the organic layer in the 1-butanol/ water system and in the 
aqueous layer in the 1-decanol/water system. Similar results were obtained with 
acyl-CN-Cbl homologs (Table 2). Therefore, it was concluded that increasing 
hydrophobicity of alkyl-Cbl and acyl-CN-Cbl was obtained by increasing length of 
an alkyl or acyl group introduced into Cbl. When chloroform, ethyl acetate or 
hexane was used as an organic solvent, essentially no distribution into an organic 
phase was observed. 

A strong correlation has been reported between cellular uptake of porphyrins 
in V79 Chinese hamster cells and their distribution into octanol (13). Hence, the 
hydrophobic derivatives of Cbl reported in this paper may be taken up into cells by 
passive diffusion. 



Conversion of long chain alkyl-Cbl to agCbl 

Like MeCbl and EtCbl {14,15), long chain alkyl-Cbl in 30% ethanol under- 
went photolytic cleavage of the Co-C bond forming aqCbl. Upon photolysis, 
spectra of alkyl-Cbl changed to that of aqCbl with several isosbestic points. This 
result suggests that alkyl-Cbl are almost directly converted to aqCbl — that is, Cbl", 
an intermediate in the photolytic process (76), is very short-lived. The rate of 
photolysis of alkyl-Cbl obeyed first-order kinetics. The eflFect of chain length on the 
first-order rate constant {k) is shown in Fig. 2. Except for MeCbl, the rate constant 
decreased with chain length of an alkyl group. This can be explained by assuming 
recombination of Cbl" with an alkyl radical formed. Longer chain alkyl radicals 
may be kept near the place of formation by hydrophobic interaction with the corrin 
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0 2 4 6 8 10 12 14 16 18 

Number of Carbon Atoms in an AlkyI Group 

Fig. 2. Effect of chain length on an alkyl group on the rate of photolysis of alkyl- 
Cbl. Irradiation was carried out in an ice-water bath with a SOO-W tungsten 
light bulb from a distance of 20 cm, and changes in absorbance at 351 nm were 
measured, k, first-order rate constant. 



ring and therefore reassociate with Cbl" more frequently than shorter chain alkyl 
radicals. The unusually slow rate of photolysis of MeCbl is considered to be due to 
the relative stability of the methyl radical formed because it lacks the hydrogen to 
be eliminated on an adjacent carbon atom {14^15), 

Alkyl-Cbl can be readily converted to dicyano-Cbl by photolysis in the 
presence of KCN. In the dark, however, long chain alkyl-Cbl in 30% ethanol were 
fairly stable to 0.1 m KCN (rate constants less than 2X 10"^h"'). 

Conversion of long chain acyl-CN-Cbl to CN-Cbl 

Acyl-CN-Cbl underwent hydrolysis in neutral or alkaline solution. The 
hydrolysis product was confirmed to be CN-Cbl by TLC and spectral measure- 
ments. This offers additional evidence to show that an acyl group is bound to 
CN-Cbl through an ester linkage. To clarify the nature of hydrolysis of acyl-CN- 
Cbl, the conversion of propionyl-CN-Cbl to CN-Cbl in aqueous solution was 
kinetically analyzed at 37°C, The rate of hydrolysis followed the pseudo-first order 
kinetics (Fig. 3) with a rate constant increasing with the pH of the solution (/c' = 
2.5X 10-^ 6.2XlO-\ 2.2X 10-\ 1.1X10"^ and g.OXlQ-^h"' at pH 6, 7, 8, 9 and 
10, respectively). 

Effects of incorporation of methyl group (s) on stability of acyl-CN-Cbl 

To improve the lability of acyl-CN-Cbl to hydrolysis, the effects of incorpora- 
tion of methyl group(s) into the a position of an acyl group were studied. The rates 
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Fig. 3. Effect of pH on the rate of hydrolysis of propionyl-CN-Cbl to CN-Cbl. 
Propionyl-CN-Cbl was incubated at 37°C for the indicated periods in the follow- 
ing buffers (0.1m): O, potassium phosphate buffer (pH 6); • potassium phos- 
phate buffer (pH 7); A, Tris HCl buffer (pH 8); A. Tris-HCl buffer (pH 9); 
sodium carbonate buffer (pH 10). 

of hydrolysis of pentanoyl-, 2-niethylbutyryl- and 2,2-dimethylpropionyl-CN-Cbl at 
pH 7 and 8 were determined. As described in Fig. 4, 2-methylbutyryl-CN*Cbl was 
much more stable than pentanoyl-CN-Cbl at both pHs. Therefore, it can be 
concluded that the introduction of a methyl group into the a position of an acyl 
group is effective for stabilization toward hydrolysis. However, 2,2-dimethylpro- 
pionyl-CN-Cbl was much more labile than the unbranched counterpart, and the 
time course of hydrolysis was not accurately determined at pH 8, This may be due 
to steric hindrance induced by the tertiary alkyl group. 

Biological activity 

Microbiological activities of long chain alkyl-Cbl were determined in the dark 
with E, coli 215, a Cbl- or L-methionine-auxotroph, and L. leichmannii as test 
organisms. As shown in Table 3, all the derivatives tested showed significant 
growth-supporting activity (Cbl activity). Although the extents of the maximum 
growth reached with alkyl-Cbl were the same as those obtained with CN-Cbl, there 
seems to be an optimum length of an alkyl group for the efficiency as Cbl expressed 
in terms of EC50. Relative microbiological activity of alkyl-Cbl was defined here as 
EC5o,cN^i/EC5o,aiky^cbi, whlch rcprescnts the relative efficiency of alkyl-Cbl to that of 
CN-Cbl. The most active hydrophobic alkyl-Cbl for E, coli 215 was octyl- and 
dodecyl-Cbl which showed ca. 28% activity of CN-Cbl. Toward leichmannii, 
longer chain alkyl-Cbl showed higher Cbl activity. Octadecyl-Cbl, the most active 
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Fig. 4. Eifect of incorporation of methyl group(s) into the a position of an acyl 
group on the rate of hydrolyisis. The experimental conditions are identical to 
those described in the legend to Fig. 3. A, pH 7; B, pH 8. O, Pentanoyi-CN- 
Cbl; 2-methylbutyryl-CN-Cbl; A, 2,2-dimethylpropionyl-CN-Cbl. 



Table 3. Microbiological activities of long chain alkyl-Cbl toward K coli 215 and 
leichmanniL 



Cbl 


ECjo (nM) (relative efficiency, %) 


K coli 215 


L. leichmannii 


CN-Cbl 


0.064 (=100) 


0.047 ( = 100) 


Hexyi-Cbl 


0.30 ( 21) 


0.97 ( 5) 


Octyl-Cbl 


0.23 ( 28) 


0.91 ( 5) 


Dodecyl-Cbl 


0.24 ( 27) 


0,61 ( 8) 


Octadecyl-Cbl 


0.55 ( 12) 


0.32 ( 15) 
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one, was ca. 15% as active as CN-Cbl. 

It is known that Cbl exerts its biological activity by being reduced to Cbl^ and 
then converted into two coenzyme forms, AdoCbl and MeCbl. The former serves 
as coenzyme for ribonucleotide reductase of L. leichmannii (7 7) and the latter for 
methionine synthase of K coli (18). Therefore, it is likely that a long chain 
alkyl-Cbl is incorporated into bacterial cells, dealkylated and converted into 
AdoCbl and MeCbl, although the mechanisms of uptake and dealkylation remain to 
be elucidated. The optimum length of an alkyl group for the uptake or the 
dealkylation reaction may be different between E, coli and L, leichmannii 

Determination of biological activities of long chain acyl-CN-Cbl was difficult, 
since the derivatives tested were susceptible to hydrolysis even under neutral 
conditions. Much more stable acyl-CN-Cbl are desirable. 

The authors thank A. Iwado for measurement of mass spectra and Y. Kurimoto for her 
assistance in manuscript preparation. 
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MHAEKC nOAABJlEHHfl BMTAMHHA Bt2 
AHTArOHHCTOM -KOBAJlAMHH-MOHOKAPBOKCMJIOBOn 

KMCJIOTOn 

A, lUuMOH 

AHTarOHHSM BHTHMHHa Bij H K06a;ia.MHH-MOHOKap6oKCH.10BOH KHC;iOTbl 

(KMK) HMCCT CBoeoGpasHWH xapoKTcp, laK KaK huackc noiiae^eHHa b sua- 
HHxeJibHofl CTcnenH aaeHCKT ot epcMCHH Ao6aB;ieHHH BHxaMHHa Bia h cro an- 
TaroHHcia k xecx-MiHcpoey E. coli 113-3. BepoaxHO. bxhm oco6eHHbiM xapaKxe- 
poM antaroHHSMa o6T>JiCHifiK)xcfl ouihCkh npH onpeAfe^ieuHH HHACKca noiiaBJieHHJi 
H 4>a3.i>niHbie sHa^eHH^ axoro HiiaeKca y pasHhix aBXopoB. B HactoflmcM hcwc- 
AOBaHHH noKaaaHo, 'ixo npn oahobpcmchhom Ao6aBJieHHH sHxaMHHa B12 h KMK. 
Skc 10Q%.Horo noiiaBlieHHH pa^eri 60, a hhackc 50%-Horo noAasJifeHHfl pa- 
Ben 35. 

Hcnojib3y$i © KavecTBe xecT-opraHHSMa uiiaMM E. coli 113—3 yAaJiacb 

: SlOKasaTb, ^TO aKTHBHblH HSOMCp K06aJiaMHH-MOHOKap60KCH;iOBOH KHC^OTH 

^' (KMK) JiBJiHercfl KOHKypeHTHUM HHrH6HTOpoM BHTaMHHa B12 (bmith, lybU). 

MHHHMajibHoe oTHomeHHe KOHueHtpauHH KMK h BHxaMHHa B12, npH koto- 
K t>0M Ha6;iK)AaeTCH noAafeJicHHe pocia Ha 100 hjih 50%. HaawBaioT HHAeKcoM 
5: noflaBJieHHfl. Upn onpeAeJieHHH HHACKca nojxmJicHun pasHue asTopbi noJiy- 
i-' MaJiH HecoBnaAaiomHe peayjibxaTbi. TaK. Cmht (Smith. 1962 ycraHOBM 
^eejiHUHHy HHAeKca, pasHoA 60—100, a KejieMen h IUhMoh (Kekmen a. bi- 
^- jhon, 1961) nojiy^HJiH ajih axoro xce HHAeKCa anaMeHHH 40—60. B to >Ke 
:i BoeMfl OopA (Ford, 1959) Haiiie;?. mo hhackc 50%-Horo noAaBjieHHH paBCH 
I33O, a reftHpHx H ra66e (Heinrich a. Gabbe, 1962) onpeACJiHJiH hha^c 
ii:::paBHbiM 110. 3th AanHwe npoTHBopeMaT Apyr Apyry, t^k KaK hhackc 50 /o- 
•= Horo noAaBJieHHfl aojihcch 6HTb Menbiiie, mcm HHAeKC 100%-Horo noAasjie- 
tnm. PaapemeHHK) 3Toro Bonpoca nocBHiueHo HacTOsmee HCCJieAOsaHHe. 

MaTCpnajibi h MexoAW HCCJiCAOBaHHSi 

BHxaviHH B,j. npenapax (J>HpMU XHHOHH ne|)ekpKcxaaJiH30BUBa;iH H tjHCXdxy 
i^vocmecTsI npoBepHiiH xpoMaxSrpa^Heft h aiicKxpo^opeaoM «a CyMare. KoHueHxpauHK, sc^- 
iirtuecxDa B pacxBopax onpeiie;ifl;iH cneKxpo4)0xoMexpOTe(^HM MexoAOM. 

KMK. Mcii^;ib30B^;iH npoAyKx *HpMy XHHOHH^ H^oxoB;ieHHUH ^on|^^ 
ScKOMV naxenxy 152.001, A^ifl 3KcnepnMeHxa;ibHbix uenefl. MHCXOxy KMK npoBcpflmi Mexo- 
L^OM xpoMaTj^pa*^ "a SyMare. Ana^HS noKasa.n, mxo no^yneimoe fte- 

fi,, cxpyKTvpa Koxoporo 6bi;ia ycxaHOB.ieHa MypoM c coxpyAHHKaMH (Moore et al, 1967). 
:•: KoHuenxpaiHio BHxaMHHa B.j onpeACJiflJiH .mcxoaom ^uHyaHH s arap, hc 

no-iwvH E coli 113-3 b -KaMecxBe xecx-oCbeKxa (HaflKOBCKafl h ZlpyjKHHHHa, 1957). 
:;. K y A* T H B H p 0 B a H H e m T a M M a E. c o li 1 13-3 npoBO^H^H rta cpeAe c;ieiiyro- 
: mero cocxasa: Mcxano.i — auexoHOBuii 3KCxpaKx KyKypysbi — 3,0 >m, KHzPU*"".^ a, 
■ FeSOi-yHsO-- 0,005 a, MgSO^-THjO - 0,2 ^, rJinuepHH 2,0 ^, arap-arap - 2.0 2. bhx.j- 
y.^^^L-'^fi MKz, BOAonpoBOiiHaH BOjia AO 100 MA, pH 7,2. CxepHmiaauHfl cpeAM- 
i-'^ MHH npH 120° BaxxepHH BupamnaaJiH b npo6npKax Ha cKbuieHHOM arape npn lb b xe- 
::;:^eHHe 18-24 Mac. Dociie HHKyOauHH kochkh coxpaHH.iH 4-6 MecflUCB b xo;ioAHJibHHKe 

"^"lUfl* npHroxoB;ieHHfl w ex a h 0 ji - a u ex o h o b or 0 aKcx p a kx a Kyny- 
pyabi cMemHBa.nH 1 KZ boahopo .KyKypyakoro SKcxpr.Kxa (50% cyxoro Bemecxaa) h 
ititoOO MA Meranovia. Oocjie cxohiiha b xcqeHne 1 Maca cmccb 4)H.ibxpoBa;iH h k 4)H;ibxpaxy 
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flo6aBJiH;iH paBHUft oOicm aueroHa. npH iio6aB,ieHHH aueroHa Bhinaaaer ocaaoK kOTODK.fi 
yaa.iaioT (})HJibTpoBaKHeM. no-iyieHHwil nowe 4>H;ibTpoBaHH(i CBeT.io-ace.iTufi oacTBOD vTn 
wer flflHT&nbHoe Bpemfl 6e3 HSMeHCHHa xpaHHTbcH b xofloaHJibUHKe , 
u„« o/"?!"" ° npo6HpKax Ha cpeae c 0.5% nenroHa h 0.5% NaCl b Tent 

HHe 24-48 wac^npH 26». Cpetta npaKTHuecKH He coaep^m BHTaMHHa B.s, b Hefl onpejMH 
CTCfl OK0.10 20-25 MKe/MA l-MeiHOHHHa. B onuTax, SpoBeaeniihix Ha amoBaHZT^^' 
CTHxax. a;ih nepeceaa Hcno^bsyiOT 1% moH Ky;ibi*vpbi. nepeceBa'^„a ^hXb nT 
Tare^biiue cpeaw - 0.2 ma Toft Ke Kyjibrypu hb 200-3Qb\»M cpeau 

TypeiiflHMerpiiqecKHe h He«J»e;iOMeTpH«iecKiie onpefle;ieHHfl npoBoauflii Ha ciiHTetHMecKu, 
cpeAax. cocraB KOiopux npHBeaen y MailKOBCKofi h JlpyxHiiHHoft (1957) 6^ araoa 'f?* 
Typ6HAHMeTpHMeoKHX onpeaweHHA nwibsoBa/iHcb cZ%o().0TOMeiSM rnna U^flCAM' 

PULFRICH, CHa5«eHiiUM nocaaxofl ann He^eJioMeipmi. B stom c.-iyqae HcnojibavioT^f 
Ky^bTypa;ibi.bie ^hakocth. paaBeaeaHbie b natb paa/Sa MaKCHMa;,bHy» MyxHocTb Oa^ 
ITn^r^^ cycneH3HH npHHHMa.i.i 100. MMimMa^bHaH (6e3 ao6aB;,eHHa\ SeAe s'i) pat 
Hfliiacb 0. 3HaHCHHa. no.-iy..eHHue npH onpeaeflCHHH MyTHocTeft. BbipajKeiibi b npduen?" 

MeroAu onpeAejieHHfl MHAexca noAasjieHHa 

a) noKe;ie.MeHHlI]HMOH (Kelcmen a. Simon 1961) 

B arapHaoBaHHhix nflacTiiHKax (qaflKOBCKan ii flpvwmi.iHa. 1957) BupeiaioTcfl oiBPn 
cTiia. B KOTopbie noMemaioTCfl cMecu BHTaMHHa B.j h KMK b paa^.mux cooTHome^ mnT ' 
OrcyrcTBHe 3oh pocxa noKasbiaaer 100% -HOe noaaa,ieuHe cooTHomeimiix. 

„^nl"u,ft ""''^ ^^2^- arapHSOBaHHbix nflacTHHKax, npHroTOB;ieHHUx no 

^f^^^ ^ateoBCKoft H flpyacHHHHOH 1957). aejiaioxcH aaa oTBepcTHH paCT(SeMup 
HeAa^ieKo apyr or apyra. B owo oTBepcTi.e noMemaerc/pacTBop'^LTaMHHa X T^ov 
roe- pacTBop aHTafOHHcra. *^ »nia»innd cm, b apy- 

,«J?o'lo^ ^^r*** ^""Py^ oTBepcTHii arapa, coAepxauiHx pacTBop BHTaMHHa B,, ue oCoa 

s.^K'^K^sr^Te?^^^^^^^^^^^ 

npHHHMaeTc«no;.Hoe<)TcyTCTBHepocTa 6aKTe^^^^ noccaoBaxejibHo. 3a 100% noflaB;ieHHH 
.H J^lVperHHYH.; "„o/.^.^B'aT^T°,!J ISaLrB-^WaT^. S„"tpSh- 

PeayjbTaTu 

OnpcAe^ieHiie HHACKca noAaBjicHHH 
Ha arapHSoBaHHOH cpeae 

^Qfin n«7,2i • ^' "^^^ " ^ npeAHAymnx onmax (Kelemen a. Simon; : 
kMK'.^on^^r^n^ fla«HMe.c;iy«H;,H KOHTpo;ieM aKTHBHocTi, npenapaTa 
KMK. KOTopwH npHMCHfljicj? AJi» nocjicAyiomHx onbixoB. Mctoa onHcaHHu& ^ 
9 nyHKTe 6. Aa.a aji« HHA?Kca lOOo/o-Horo noAaB-ieHHs 3HaHem.a 60 3to ""a : 

syflbTaxaMH. noflyneHHbiMH Cmhtom (Smlib, I960, 1962) ^ 
MexoA, onHcaHHufi b nyHxie b, Aaji paajiHMHue peay.ibTaTH b sasHCH- ' 

MOCTH or BpeMeHH Ao6aB;ieHHH BHTaMHHa B,^ h KMK k eLrepHKM pSS"- : 

Tarw onbiTOB npHBeACHW b raCji. 1. t-eay^it 
flaHHhie Ta6;i. 1 iioKaauBaioT. mo ecjiri BHraMHH B,2 h KMK AoGaBJiHioT- 

CH OAHOBpeMeHHo. TO Hcno^BsyH MeTOA B. Mo«„o nojyHHTB Ai?H SeKca. 

100%-Hpro noAaBjicHHH xe we SHaqenHH 40—60. ""acKca. 
H3 Ta6;i. 1 crtCAyer xakwe, mto aHraroHHSM BHTaMHHa B,2 h KMK cH;ib- 

Ho aaBHCHT OT BpcMeHH AoSaweKHH 3THX BemecTB B cpeAy. Ec^H KmKo- 

KSSxTurKKT.?' no.,yHaVH np„ 20^KpaTHoft 

KOHucHTpauHH KMK- EciH HcpBhiM AoSaBjiacTca BHTaMHH B,, TO iiawe 
120-KpaTHaH KOHueHTpaHH« KMK He BuawaaeT noAaB^aenHH pocxa. PaaHH^ ; 
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H aueroiia BWnaiiaeT oca^oK, xoTopuf^ 
rpoBaHH« CBeTJio->KenTbift pacTBop mo- 

3;iOAMiIbHHKC. 

c 0,5% nenxoHa h 0,5% NaCl b leqe- 
ep>KHT BHTaMHHB B12, B Hcfl onpe^ejiH- 
npooeiieHiihix- na arapn30BaHHbix njia- 
rbTvpu, HJiH nepeceoa Ha khakhc dh- 
-3Q0 MA cpeiibi. 

iACJreHHH npOBOjinjiii Ha CMHTeTH<4eCKHx 
ApyH<HHHHOH (1957) .663 arapa ii.in 
ciicKTpo(})0TOMeTpoM THna UNICAAL 
fjHecKHx u3MepeHHft (JtoTOMeipoM Tifna 
ipmi. B 3T0M ciytiac HcnoJibsyrorcH 
. 3a .MaKCHMa;ibHyK) MyTHocTb OaKxe- - 
(6e3 Ao6aDJieHHa k cpeAe Bu) paa- 
.MyiHocTeri, BhipajKeubi b npouenrax. ■ 

Kca noAaBjieHHfl 

DP. 1961). 

lpy>KHiiH»a, 1957) BupenaiOTcn OTaep- . 
H KMK B pa3;iH4Hbix cooTHouiemtHx 
me. ' : 

ibix n;iacTHHKax, npHroTOB^eHHUx no 
)TCH RBa OTBepCTHfl, pacnojiowcHHue ■ 
aercfl pacTBop BHxaMHHa Bjj, a apy- 

iiUHx pacxBop BHxaMHHa B12, He o6pa- ^ 
13-3, a B03HHKaex iie(})opMHpoBaHHaa 
ma B TOM -Mecre, rae AeftcTByer Hura- 
CTCfl xaKoe cooxnomeHHe KOHueiixpa- 

)XOAHTCH TOMHO B CCpeilHHe MeJKiiy 

iHTca c;ieAyK)mHM o6pa30M; 
biype E. coli 113-3 h hotom CMeiiiH- 
ixaMMH Br2 H KMK Moryx 6bixb ao- 
:.';eAOBaTe;ibHo. 3a 100% noAaBJieiiHfl 

HAKyfo nHxaxejibHyio cpe^y h AoGaB- 
M2 H KMK B pasHbix KOHueHxpauHflx. 
MyxHocxH cpeAu, ncnojibsya Ann ee 

OKHfl MCTOabJ. 



noAaBjieHHH 
c p e Ae 

, no/iyqHjiH aHaneHHfl HH;ieKca^ 
Hx onbiiax (Kelemen a. Simon^ 
pojieM aKTHBHocTH npcnapaia 
HX onbiTOB. MeTOA, onHcaHHWH. 
iB.ieHHfl 3Haweiinfl 60. 3to ana- 
iH npe;iu;iymero onbiTa h pe- 
1960, 1962). 

iHMHHe peayjibTam b aasHCH- 
H KMK K GaKTepHHM. Peayjib- 

raMHH B,2 H KMK AoGaBJiHiOT- 
D>KHo nojiyHHTb jiJiH HH;ieKca. 
-60. 

M BHxaMHHa Bj2 H KMK CH;ib- 
lecTB B cpe^y. Ec^ih KMK AO- 
a no^fiyqaercfl npH 20-KpaTHoai 
iexcji BHxaMHH Bi2. TO jiame 
T no/iaBjieHHfl pocxa. PaanHuat 



^Pi^ 5 MHH npH Ao6aB;ieHHH iBHiaMHHa h ero aHTaroHHcra oKaawBaer bjihahhc 
^^:m nejimmy HHACKca noAaBJieHHfl. OKaaajiocb, mto 3HaqeHne HHAeKca no- 
:^!^aBjieHHfl 50—60. noJiy^eHHoe MeroAOM a hjih b He aScojiiOTHO, h sepHO 
" M*o;ibKo B TOM cjiyqae, Konia Ta6jiHaa 1 

;¥|::-^o6aBjieHHe BUtaMH-Ha « 

noAA&JiflK>u;ee aeftcTBMe KMK na affTHSHOCTb 

BHTaM»Ha hit Ha arapH30BaHHofl miacTHHKC b (yrynae 
ojuiospeMCHHoro h pasHOBpeMeHHoro AoGaaaeHHR 

9THX COeAHHeHHfl 



p^'KMK irpoH3B0AHTCH cxporo 

^:::'<)AHOBpeMeHHO (3T0 AOCTH- 

S)raeTC5! tcm, hto upHroTOBJieH- 
li'n^fl cMecb o6oHx coeAHHenHH 
..vK|:;io6aBJiflercH k xyjibiype 6aK- 
■=^i^;ifepHft). 

B;iHKHHe KMK 
i:^:!. jia pocT E. coli Ha 
• JKHAKHX cpeAax 

noAaBJieHHe pocia OaKie- 
Ihh b jkhakhx cpeAax HsyMa- 
i^ocb no MCTOAy I. B Ta6;i. 2 
jipHBeAeHw AaHHbie, nojiyneH- 

^/Hbie npH OAHOBpeMCHHOM AO- 
...r'jlSaBJieHHH K CpCAe BHTaMHHa 

'pB,2 H KMK. 



OTHQineiufe 
KOKneKTpatvift 
KMK/Bi, 


Bpeusi AofSaBAeKHJi KMK no 
cpaDHe.uao c ffp6^Bnti\mi 
BitraMii !a 


PoCT 

KyflbTvpu 
E. con 

U3-3 


10 

20 
40 
60 
80 


OAHOBpeMCHHO 

» 




20 


5, 10» 20, 40 H 80 MHH. 
paHbiue 




120 


1 5,10,20,40 H 80 MHH. no3}Ke 





AoOaojtHrtH KaxAUtt pas 1 mkz/m4 wrraam la Bu* OOhflCKO- 
aiie 3HaK0B+HHT«KCHftH0C pasBHTHe 6aicTepKfl; ± cjiaSoe paa- 
BiiTKii fiaKiepHfl; — oTcyrcrBKo paaoHiHfl oaKTepiift. 



KpHBbie, nocTpoeHHbie no 

AaHHMM TafijI. 2 (pHC. 1). . xrsAi/ 

nonm coBnaAaioT. 3to oaHaHaex. mto noAaBJiHiomee ACHCTBHe KMR ne 

baBHCHT OT a6C0;iK)TH0H KOHUeHTpaUHH KMK, a TOJIbKO OT OTHOUICHHH KOH- 

HCHTpauHH KMK H BuraMHH Bi2. 3th AaHHbie noATBepjKAarox onHcaHHbiH 
^ , panee (Smith. 1960. 1962) KoHKy- 

^^^^^^ peHTHbiH xapaKiep aHxaroHHSMa 

3THX BemecTB. 06e KpHBue nepe- 
ceKaiOT iropHsoHTajibHyK) jihhhio, 
cooTBercTByiomyK) 50%-HOMy poc- 
ry B TOfi ^e TO^Ke, KOTopaa coot- 
BCTCTBycT HHACKcy 50%-HOro no- 
AaBJieHHH CO aHaneHHeM 35. 3tot 

pesyjIbTaT CHJIbHO OTJIHMaeTCH OT 

npHBeAeHHbix paaee AaHHWx (110 h 
330) H cooTBeTCTBveT 'noJiyueHHbiM 
pe3y;ibTaTaM 'nHAeKca 100%- 
Horo noAaBJieHHH, TaK KaK hhackc 
50%-Horo noAaBJieHHfl MCHbUie 
100%-Horo .noAaBJiCHHH. 3tot pe?- 
3y;ibTaT c;ieAOBajio o>KHAaTb. 

B ApyrOH CepHH OHUTOB UHAeKC 

50%-Horo noAaB-aeuHH onpeAeaHJiH 

B >KHAK0H CpeAe, BHTaMHH Bi2 H 

KMK Ao6aBJiH.aHCb k KyjibTVpe He 
oAHOBpei^eHHO. noJiy^enHHe pe- 
ayjibTaTbi npeACTaBJienbi na pHc. 2. KpHBan J cooTBercTByeT cjiyMaio, KorAa 
KMK Ao6aBJiHJiH k xyjibType E. coli 113-3 na 10 mhh. paHbiue. neM BHTa- 
MHH Bi2 KoHBaH 3 cooTBeTCTBycT peayjibTaTaM onwTa, npK KOTopoM BHTa- 
MHH B 2'A06aBJi5iJiH Ha 10 mhh. paHbuie, hcm KMK. JXnn cpaBHennn npHBO- 

ilHTCfl KpHBafl 2. COOTBeTCTByiOmaH OAHOBpeMCHHOMy AOSaBJieHRK) K KyjibTy- 

pe KMK H BHTaMHHa B12. ^ 

ECJIH BHTaMHH B,2 AOCaBJIHeTCH paHbUie, to 20-KpaTHOe KOJiHMeCTBO 

KMK He BH3HBaeT HHKaKoro noAaBJieHHfl; 40-KpaTHoe KOJiH^ecTBO aiiTHBH- 
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d9 miJ'^z 



- Phc. I. noAasjieHHc pocxa E. coli 113-3 npH 
;:pa3;iHMHUx KOHueHxpauHflx KMK h B12 a 
cpeAe 
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Ta6;iHua 2 

50 %-Hoe noAaancHHe pasBHTMH KyjibTVDw E coll ifnfii.«o^«„ „ 

flofiaMeilHH BHTaMHHa H aHTHBllraMHHa OAHOBpeMCHHOM 



KoKi;eHTpauiia 

BHTaMMMH Bit 



OnrouieKne Koime :Tpa- 
UK/l KMK/HHTaM]i:t B„ 



cscra npti 

GOO HH 



KOHUCHTpaUHH 
BHTaAUHa B„ 



5. 10-4 

mkz/ma 



OTHOiueime KOHncHTpii- 

UHH KMK/BHTaMHH »!• 



128 
64 
32 
16 

0 



0.090 
0,085 
0,143 
0,239 
0 234 
0,233 



norjiomcHMc 
CBera npii 

500 HM 



5.10-3 



128 
K4 
32 
1(> 

0 



0,036 
0,047 
0,146 
0,209 
0,239 
0,224 



50o,i,„ufl poet I 0,127 I 50%-HUH pocT ( 0 po" 

TaMHHa BwauBaer cjiaeoe noflaBJicHHe pocra (12%) h iia>KP I9n .m,, 
Ko^iHwecTBo aaer noflas^ieHHe To;,bKo Ha 83%;EciH KMK AoShS' » 
cpe^y paasuie BHraMHHa B,^. to 2.5-KpaTHoe 

HecTBe KMK, BHeccHHOM. oanaKo. noc;,e flo6aB;,eHHH BHraMHHa B° 



f "c- 2. noAae/ieHHe pocTa E. coli 
113-3 npH pasHoBpeMeHHOM jo- 
fiaBJicHHH K KyjibType CaKxepHA 
KMK H B,2 

™„.. " ao6aajiH;iH ojiho- 

BpcMeHHo; J- BHTaMHH B« ;io6aB.iH. 
•TH Ha 10 MHH. paHbiue 

TOB npoBe;5eHHi>rx Ha arapHaoBaHHbix n;iacTHHKax, ^ito sLnLil lVeTc^ 
BHTaMHHa K 6aKTepHajibHoH KvJibType. t. e. qt MeroziHKH onpe^ejienHH. 

QA^y^muHe peayjibTaroB 

AHTarOHH3M^ CymeCTB^IOIUHfl Me^KAy BHTaMHHOM Bto H KMK ^^^nuru^ 

^r^S^^^^S^"" tecT-opSi Ji^y"SSS: 

9TQT aHTaroHHSM He miHercH KOMneTHTHBHUM b MaccHqecKoiw cmmcjip nnw 

3S™"^''ff'^ flofiaB^eHHH MeTa6o.HTa « aHTHMeraeo^HTaTe HMee? 

S/." aKTHBHQCTb CHCXeMbl OttpeaeJTHeTCH XHMHMeCKHM paBHOBecS 

SaudSd "^,^,7«°*^?«'^3P3eHOBOH h n-OKCH6eH3ofiHofi Kic;,oTaMH 
(baudgrpund, 1943). 4-aMHHonTeppHjir;iyTaMHH0BOH^ h tbojiHeBofl xHciOTa- 
MH y sHcmm «HBOTH«x (Hertz a. Tuliner, 1950) „ Menc^y *TopvKcT^^^^^^^ 
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Ta(J;iHa'a 2 

13—3 Ko6a;iaMKH-MOHOKap6oKCHjioBofi 
raiMHHa Bxa h npH OAHOBpeMeHHOM 

TMBHTaMMHa 





OTBoiiieKHe KOHi;ei(Tpa* 

UHH KMK/HHTaMIUI Bw 


norjioiqeHKc 
CBera npii 

GOO N.H 




128 


0,036 




r>4 


0,047 




32 


0,146 




16 


0,209 




4 


0,239 




0 


0,224 




50%-HHii pocT 


0,122 



00%-Hb(ft pccT) paaGatutcHa raiiKUM Kcjumec- 
JiooKHy 6aKTef Hft no cpaDKoiioo c iicxoA'tort 



3 (12%) H Aa>Ke 320-KpaTHoe 
/o. EcjiH KMK Ao6aBJiHeTCH b 
oyiHHecTBo Bbi3UBaeT 80%-Hoe 
yMHTb >npH 320-KparHOM kojih- 
BBjieHHH BHTaMHHa B12. Aa>Ke 



Phc. 2. rioAaBJieHHe pocra E. co!i 
1 13-3 npH paaHOBpeMCHHOM ao- 
6aB;ieHHH k Ky;ibType CaKxepHft 
KMK H B12 

/— KMK AoOaMjiJiH Ha 10 kHH. paHb- 
me; 2— KMK h B12 Ao6aansiJiH oiiHO- 

BpeMCHHO; J— BHTaMHH Bij fl06aB.lJI- 

m\ Ha 10 uHii. paHbiuc 



yo-Hoe noAaBJieiiHe, laKoe, ko- 
^Be KMK, OAHOBpeMeHHo ao- 

^jiHAHee, qeM peayJibiaTbi onw- 
iHKax, MTO 3HaqeHHe HH;^eKca 
lo6aB;ieHHH BHxaMHHa h aHXH- 
* MCTOAHKH onpeAejieHHH. 

aroB 

3MHH0M B12 H KMKi aaBHCHT 

:T-opraHH3My. CjiCAOBarejibHO, 
t B KjiaccHMecKOM CMHCJie, npH 
H aHTHMeraSojiHTa ne HMcet 
CH XHMHHeCKHM paBHOBecHeM. 
.IH MC^AY BHTaMHHOM B12 H 

loro THna aKtaroHHaM Ha6jiK)- 

HHOBOH KHCJIOTOH (Woollcy, 
n-OKCH6eU30HHOH KHCJIOraMH 
dHOBOH H cJ)OJIHeBOH KHCIOTa- 

950) H Me>KAy cJ>TopyKcycHOK 



H yKcycHOH KHCJioxaMH y Apo>K>KeH (Kolnitsky a. Barron, 1947). HecMorpyi 
11: Tia oco6eHHocTb noAoSiioro BH^a aHxaroHHSMa, ByjiJiH CHMxaex 3xox xHn 
pv; KOMneHXHXHBHbiM. xaK KaK npH OAHHaKOBbix ycjioBHflx onuta oxHoiiieHHe 
11: aHXHMeTa6oJiHxa h Mexa6oJiHxa onpCAeJinex aKXHBHOCXb CHCTCMbi. 

PasHHua B 5 mhh. npH AoSaBneHHH Mexa6o;iHxa chjilho HSMCHHex sHane- 
[K:? jiHe HHACKca noAaBJieHHH h noKasuBaex, uxo BHxaMHH B12 h KMK 6hicxpo 
N|: Hcno;ib3yK5xcH E. coli 113—3, xoxh 3xh coeAHHeaHH npeACxaB;iHK)T co6oh 
1:1: (5o;ibiiiHe Mo;ieKyjibi. 

l-il Oco6eiiHb!M xapaKxepoM aHxaroHHSMa BHxaMHHa B12 h KMK oGijACHhcx- 
II: CH TOT (J)aKT, Hxo pa3Hbie aoTopbi nojiywajiH o^cHb paa^iHHHHe aiianenHH 
S-HHAeKca noAaBJieHHfl npH onpeAeJieHHH aKTHBHocxH 3thx BeiuecxB. Oniica- 
ii- HHe onuxoB, npiiBOAHMoe HeKoxopuMH aBxopaMH, He nosBOJiflex CAe/iafb 
Bp: 3aKJiK)HeHHe, AoSasJiflJiH ;ih ohh BHxaMHii B12 h;ih ero anxaroHHCT OAHOBpe- 
liiMCHHO. Bbiuie yKasMBajiocb, mxo hhackc noAaBJieHHfl cHJibHo aaBHCHx ot 

lip: TlOpHAKa A06aB;ieHHH BemeCTB, 3T0 06CTOflTeJlbCTBO M0>KeT 6bITb Ba>KHbIM 

;ti.:::.HCT0MHHK0M oiiiH6oK npH onpcAejieKHH, Heo6xoAHMO oSpaxHTb BHHMaHIie 
f f- Ha TO, MTo caMH TecT-MHKpo6bi, HcnoJibayeMue a^h onpeAe/ieHHH HHAeKca 
f;i noAaBJieHHH, coAepncaT MHHHMa-ibHoe KOJiHqecxBo iBHxaMHHa B12, neoCxo- 

:;i AHMOe A^H HX paSMHOMteHHH, MTO XaKJKe MOHCeX BJIHflTb Ha BCJIHHHHy HHACK- 

nf: ca noAaBjicHHH. OOhmho aBTopu He oSpaiuaiOT BHHMaHHfl ria 3To o6ctoh- 
hl. TCJibCXBO, xoTH OHO TaiOKe Ao;i^HO BJiHJiTb Ha Toqaocxb peayjibxaxoB. 
i l -Hs Bcero CKaaaHHoro c;ieAyeT, uto cxanAapxHsauHH MexoAa onpeAeJieHHH 
HHAeKca noAaBJieHHfl aHxaroHHCxoB BHxaMHHa B12 HHxepHauHOHajibHofiopra- 
l; ; HHsauHefl HBJiHexcH BCCbMa uejiecoo6pa3nofi. 

3aBon (bapMauesTHMecKHx h xhmhuccichx npoAyKTOB UoAyHeno 20.VI.1968 ^. 
{ XMHpHH 
sjiiif: ByAiineuiT BeHrpnH 
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INDEX OF INHIBITION OF VITAMIN B12 
BY AN ANTAGONIST — COBALAMINE MONOCARBOXYLIC ACID 

A, Shimon 

1. It was shown that vitamin B12 and cobalaminmonocarboxylic acid are competitive 
kimtagonists of a special character. The growth — promoting or growth — inhibiting effect 
Kif both substances depend not only on the relative concentrations, but also on other fac- 
:: tors, namely on which of them is put earlier in contact with the test — organisms. 

2. It is supposed that this special character of the antagonism originates the sub- 
'rStantial differences, which were found by different authors in the index of inhibition of 
;kc6balamln — monocarbo.xylic acid. 

3. When adding vitamin B12 and cobalaminmonocarboxylic acid to a culture of E. coH 
■U3— 3, the Index of 100% inhibition was found to be 60 and the index of 50% inhibi- 
: Hon 35. 
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Summary r Methylcobalamin is one of the coen- 
zymatically active cobalamin derivates and re- 
quired for the activity of the cytoplasmic enzyme 
methionine synthetase catalyzing the methyla- 
tion of homocysteine into methionine. The effect 
of methylcobalamin on the proliferation of ma- 
lignant cells has been examined. Methylcobal- 
amin inhibited the proliferation of androgen- 
sensitive SC-3 cells {a cloned cell line from Shio- 
nogi mouse mammary tumor, SCI 15) in culture 
at the concentration of 100—300 jlg/mL An in- 
hibitory activity of methylcobalamin on the pro- 
liferation was also observed in other cell lines 
(estrogen-sensitive B- IF cells from mouse Ley- 
dig cell tumor and MCF-7 cells from human 
mammary tumor) at the concentration of 500 
fig/ml Moreover, large doses of methylcobala- 
min injected intraperitoneally ( 100 mg/kg body 
weight/day) were non-toxic and suppressed the 
tumor growth of SCI 15 and B-IF cells in mice 
fed a vitamin Bn deficient diet. These results 
show that methylcobalamin inhibits the prolife- 
ration of malignant cells in culture and in vivo 
and propose the possibility of methylcobalamin 
as a candidate of potentially useful agents for 
the treatment for some malignant tumors, t 
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Introduction 

Abnormalities of seruni levels of vitaniin B 1 2 and 
R-binder, one of less specific vitamin B12 bind- 
ing proteins, have been reported in patients with 
many types of malignant tumor [1, 2]. Serum 
levels of vitamin Bn have been elevated in pa- 
tients with cteonic myeloid leukemia, polycy- 
themia vera and idiopathic thrombocythemia. 
The presence of abnormal R-binder has been re- 
ported in some gastric cancer extracts [3j. Ef- 
fects of vitamin B12 on the proliferation of ma- 
lignant cells have been also reported. Various re- 
ports, however, showed conflicting results. In 
the treatment of children with neuroblastoma vi- 
tamin Bi2 therapy was effective in some studies 
[4, 5], but not effective in other studies [6, 7]. 
An inhibitory activity of vitamin B12 on the pro- 
liferation was shown in experiments with mice 
and rats. A mixture of vitamins B12 and C inhib- 
ited the mitotic activity of Ehrlich sarcoma in 
culture as well as the growth of certain solid tu- 
mors [8-10]. In another study with combination 
of vitamin C, vitamin 8,2 was not effective on 
the growth of L9 gliosarcoma [ 1 1 ] . In some cas- 
es vitamin Bn inversely enhanced the growth of 
fibrosarcoma in rats [12] and exerted a procar- 
cinogenic effect on the induction of malignant 
tumors in rats and hamsters [13, 14]. 

A recent study indicated that the metabolical- 
]y active forms of cobalamins, methylcobalamin 
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and 5*-deoxyadenosylcobalamin, effectively el- 
ongated cell doubling time for the various ma- 
lignant cells in in vitro study [15]. TTiese active 
metabolites could significantly increase the sur- 
vival time of animals implanted with the P388 
leukemia cells [16]. Furthermore, we have also 
shown the inhibition of the proliferation of the 
cell line, established from an androgen-sensitive 
tumor, by active cobalzmains [17]. In addition, 
cobalamins have inhibited productive human 
immunodeficiency virus- 1 infection of hemato- 
poietic cells in vitro [18]. Atypical squamous 
metaplasia, which is a precancerous lesion, in 
the lung has disappeared by the administration 
of the supraphysiological doses of folic acid and 
vitamin Bu to the heavy smokers [19]. In the pa- 
tients with chronic myelogenous leukemia, the 
plasma proportion of methylcobalamin was sig- 
nificantly lower than in a reference group, and 
an association of a low plasma proportion of 
methylcobalamin with a poor prognosis was 
shown [20]. In the present study, effects of meth- 
ylcobalamin on the proliferation of some sex 
hormone-sensitive cell lines in vitro and in vivo 
have been examined to know whether the supra- 
physiological dose of methylcobalamin is a use- 
ful agent for the treatment for some malignant 
tumors. 



Materials and Methods 

Cell culture: The cell lines SC-3 and B-IF were established, 
respectively, from an androgen-sensitive mouse mammary car- 
cinoma SC 115 [21] and from an esirogen-sensiiive mouse 
Lcydig cell tumor T124958-R [22]. SC-3 cells were cultured 
continuously in Eagle's minimum essential medium (MEM) 
containing 2% dextran-coaied charcoal (DCC)- treated fetal 
bovine serum (FBS) and 10" M testosterone in the presence 
of 5% CO2 in air at BV'^C. B- 1 F cells were maintained in MEM- 
Ham's F12 ( 1 : 1 , vol/vol) containing 0. 1 % (wt/vol) bovine se- 
rum albumin (HMB medium) supplemented with 10"" M 17p- 
estradiol (Ej) in the presence of 5% CO2 in air at 37°C. Cells 
were grown to confluence and passaged using trypsin (0.01 %, 
wt/vol)-EDTA (0.02%, wi/vol) in phosphate buffered saline. 
MCF-7 cells » an estrogen-sensitive human breast cancer cell 
line, were kindly supplied by Dr. R.L. Sutherland (Garvin In- 
stitute of Medical Research. St. Vinsent's Hospital, Sidney, 
Australia) and maintained in Dulbecco's modified Eaglets me- 
dium (DME) containing 10% FBS. MCF-7 cells were passaged 
using trypsin (0.05%, wt/vol)-EDTA (0.02%, wt/vol) in phos- 
phate buffered saline. 



Ceil growth experiment: The effects of methylcobalamin on 
the proliferation were examined as described previously [17, 
23-25]. In the present study, the basic medium used for fol- 
lowing experiments of B- IF and MCF-7 cells was HMB me- 
dium in spite of the presence of cyanocobalamin in HMB me- 
dium. Because B- IF and MCF-7 cells could not grow in HMB 
medium without Ham*s F12 and a stimulative effect of estro- 
gen on the proliferation of B-IF cells was not fully observed 
in the presence of FBS even if at the low concentration. B-IF 
and MCF-7 cells were plated on four replicate 35- mm culture 
dishes at an initial cell density of 1 x 10"* and 2x lOVdish in 
HMB medium and DME containing 5% DCC-treated FBS, re- 
spectively. On the following day (day 0), the medium was 
changed into HMB medium supplemented with various con- 
centrations of methylcobalamin. To remove the residual FBS 
in full, the dishes on which MCF-7 cells were seeded were 
washed twice with phosphate- buffered saline. These media 
were changed every 2 days. On day 6, the viable cells were 
counted as described previously. 

Animals and Diets: Male DS mice (seven-week-old) were ob- 
tained from Shionogi Laboratories (Osaka, Japan), housed 
5/cage in a temperature-controlled (25 X) room with 12-h 
light/dark cycle, and given ad libitum access to water and pel- 
leted diets. DS mice were transplanted subcutaneously with 
minced SCI 15 tumors. Starting 24 hours (day 0) after trans- 
plantation, mice were injected intr^jcriioneally with or with- 
out methylcobalamin (100 mg/kg body weight/day) in 0.3 ml 
of saline solution daily for 24 days. Sterile methylcobalamin 
solution (10 mg/ml of saline) was used. Feeding with vitamin 
B12 deficient diets was started simultaneously with the injec- 
tion. Pelleted vitamin B12 deficient diets (Clea Japan Inc. Tokyo, 
Japan) (Tab. 1) were stored at 4X and given with every other 
day replacement. Palpable tumor was measured with caliper 
at the indicated dmes. In case of B-IF cells, after being har- 



Table I: Nutrient composition of vitamin B12 deficient diet 


Vitamin-free casein 


18.0% 


Sucrose 


67.6% 


Com oil 


8.0% 


Hegsted salt mixture 


4.0% 


Avisel 


1.5% 


DL-methionine 


0.3% 


Choline chloride 


0.1% 


Vitamin mixture 


0.5% 


Vitamin A, D.» 


2.00 mg/lOOgofdiet 


(500000 lU/1 00 000 lU) 




Vitamin A (500000 lU/g) 


2.00 


Vitamin E (50%) 


20.00 


Vitamin B) 


1.50 


Vitamin B: 


0.80 


Vitamin Bt 


0.50 


Vitamin C-Ca 


24.35 


Vitamin Kj 


0.50 


Bioiin (2%) 


2.00 


DL-Ca-pantothenate 


8.00 


PABA 


10.00 


Nicotinic acid 


5.00 


Inositol 


10.00 


Folic acid 


0.20 


Lactose 


413.15 
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vested and washed, the cells (5x10^ cells) resuspended in 
MEM were implanted subcutaneously into castrated male 
Balb/c mice (seven- week -old). Hie Balb/c mice were implant- 
ed subcutaneously with a fused pellet of 5% estradiol in cho- 
lesterol and injected intraperitcmcally with or without methyl- 
cobalamin on the following day (day 0) of B-IF cell implan- 
tation. 

Vitamin Bn assay: In principle, vitamin Bu assay was per- 
formed as described by Oimsing [20). On day 24 the mice de- 
scribed above were sacrificed under nembtal anesthesia. The 
whole blood samples were taken via an inferior vena cava by 
venopuncture. The serum was separated after centrifugation 
within 30 min after sampling. Syringes and sample containers 
were covered with aluminium foil. AU stages of the method 
were carried out by red safe-light or in darkness. Tumors were 
cut into small pieces and washed twice with 0. 1 5 M NaCl at 
4**C. Minced tissues were homogenized in four volumes of 
0. 1 5 M NaCl by Polytron FT- 1 0. After centrifugation ( 1 0 min, 
2000 g) of homogenates the supematants were used for vita- 
min Bi2 and protein assays. The concentration of protein was 
determined using protein assay kit. The total concentration of 
vitamin Bn was determined by radioisotope dilution method 
using a solid-phase intrinsic factor as the specific cobalamin- 
binding protein. The assays were performed as directed in the 
manual from the supplier of the assay kit. For vitamin Bi> the 
intra-assay variation amounted to a mean of 2-6% and the in- 
tcr-assay variation to a mean of 5~^%. In case of established 
cells, cells were seeded at an initial density of 1.3 and 2.6 x lO*^ 



cells/1 00- nun dish in MEM containing 2% DCC-treated fFBS 
and HMB medium, respectively, for SC-3 and B-IF cells. On 
the following day (day 0), the medium was changed to 2% 
DCC-u^aied FBS-MEM supplemented with 10"" M testoste- 
rone (SC-3 cells) and 1 0-» M csu^diol (B-IF cells) in the pres- 
ence or absence lof methylcobalamin (fmal concentration of 
300 fig/ml for SC-3 cells or 500 jig/ml for B-IF cells). The 
cells harvested on day 3 were washed four times with 20 ml 
of ice-cold 0. 1 5 M NaCl and then resuspended in four volumes 
of 0. 1 5 M NaCI. The viable cell number was determined with 
hemocytometerby trypan blue dye exclusion method. The cells 
lyzed by freeze-thawing were homogenized as described for 
minced tissues. 

Statistical analysis: All values were expressed as mean ± SE. 
Significant differences were estimated by Student's t test (p< 
0.05). 

Materials: The radioinert steroids. BSA, trypsin, activated 
charcoal and methylcobalamin were purchased from Sigma 
Chemical Co. (St. Louis, MO. USA). Dexu^ T-70 was from 
Pharmacia Fine Chemicals (Uppsala, Sweden). MEM, DME 
and Ham's F-12 were obtained from Nissui Pharmaceutical 
Co.. Ltd. (Tokyo, Japan). FBS was from Nichirci Co.. Ltd. (To- 
kyo. Japan). M- vitamin B^/ folic acid kit was from CHIRON 
(Tokyo, Japan). Protein assay kit was from BIO-RAD (Cali- 
fornia, USA). Balb/c mice were obtained from Shizuoka Ex- 
perimental Animal Farm (Shizuoka. Japan). The other chem- 
icals used in this .(;tudy were of analytical grade. 




0 10 100 1000 10000 
ConcenMon d mdiiylcob^n (vg^ 



100 1000 10000 
CoDcentratkm of methylcobalamin (i^^ 



0 10 10O 1000 10000 
Conceirifilkvi d methjflcotailinio (P9IM) 



Figure 1: Effects of methylcobalamin on the proliferation of SC-3, B- IF and MCF-7 cells. 

Cells were plated on four 35-mm culture dishes as described in materials and methods. On the following day (day 0), the medi- 
um was changed into the medium supplemented with various concentrations of methylcobalamin. On day 6 the viable cells were 
coutited. The cell number was expressed as a percentage, taking the value in the absence of methylcobalamin as 100%. A, B and 
C correspond to SC-3, B- IF and MCF-7 cells respectively. Points, means of 4 determinations; bars, S. E.; *. P<0.05. Further 4 
trials gave similar results. 
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Results 

Effects of methylcobalamin on the proliferation 
of cultured cells: Figure 1 presents results on the 
cell yield of androgen-sensitive SC-3 cells and 
estrogen-sensitive B-IF and MCF-7 cells treat- 
ed with various concentrations of methylcobal- 
amin. In SC-3 cells (Fig. 1 A) methylcobalamin 
inhibited the proliferation at the concentrations 
of 50-100 ^ig/ml (0.037-0.074 mM) as report- 
ed previously [17]. The proliferation of B-IF 
and MCF-7 cells were also inhibited (Fig. IB 
and IC) by methylcobalamin, but a higher con- 
centration (500 [ig/ml, 0.37 mM) of methylco- 
balamin was necessary. 

Effects of methylcobalamin on the tumor 
growth: Effects of methylcobalamin on the tu- 
mor growth were examined at the dose of 100 
mg/kg body weight/injection/day. The mice 




Days aftn* transplantitfon 

Figure 2: In vivo growth inhibition of SCI 15 tumor by meth- 
ylcobalamin. 

Male DS mice (seven-week-old) were transplanted subcuta- 
ncously with minced SCI 15 tumors. Starting 24 hours (day 0) 
after transplantation, mice were injected intraperitoneally with 
or without methylcobalamin ( 100 mg/kg body weight/day) dai- 
ly for 24 days. Feeding with vitamin Bn deficient diets was 
started simultaneously with the injection. Palpable tumor was 
measured at the indicated times. The tumor volume is ex- 
pressed as 4/3 X long diameter (mm)x short diameter (mm)x 
short diameter (mm). Points, means of 10 determinations; bars, 
S.E.; *, P<0,05; MeCbl. methylcobalamin. Further 3 trials 
gave similar results. 



were able to tolerate the injection of methylco- 
balamin at this dose without any adverse effects. 
In the present study B- IF cells were used in v/- 
tro (in culture) and in vivo. In the experiments 
of androgen-sensitive tumor, tumor pieces of 
SCI 15 were subcutaneously transplanted in- 
stead of SC-3 cells, because SC-3 cells could not 
cause the tumor formation in vivo. Figure 2 
shows an inhibitory effect of methylcobalamin 
on the tumor growth of SC 11 5, especially in ear- 
ly phase, in DS mice. In B- 1 F cells (Fig. 3) meth- 
ylcobalamin also inhibited the tumor growth. 
The ratio of the tumor formation was not signif- 
icantly different between control and methylco- 
balamin injected mice (SCI 15 and B-IF cells). 
In histological findings with hematoxylin-eosin 
stain there was no prominent difference between 
tumors treated with and without methylcobala- 
min (data not shown), and no toxic effect on mice 
was observed. 




t^ after transplantation 

Figure 3: In vivo growth inhibition of B-IF tumor by methyl- 
cobalamin. 

B-IFcells (5x 10* cells) in MEM were implanted subcutane- 
ously into castrated male Balb/c mice (seven- week-old). The 
mice were also implanted subcutaneously with a fused pellet 
of 5% estradiol in cholesterol and injected intraperitoneally 
with or without methylcobalamin on the following day (day 0) 
of B- IF cell implantation. Feeding with vitamin B12 deficient 
diets was started simuluneously with (he injection. Palpable 
tumor was measured at the indicated times. The tumor volume 
is expressed as 4/3 x long diameter ( mm) x short diameter (mm) 
X short diameter (mm). Points, means of 10 determinations; 
bars, S.E.; *, P<0.05; MeCbl, methylcobalamin. Further 3 
trials gave similar results. 
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Vitamin assay: Sera and tissue specimens of 
the mice* and cultured cells treated with or with- 
out methylcobalamin were measured for total vi- 
tamin Bi2, using M-vitamin Bu/folic acid kit. 
The concentrations of vitamin B 12 are given in 
Table II. The serum, tissue and cellular concen- 
trations of vitamin B12 were significantly in- 
creased in cases treated with methylcobalamin 
compared to the controls. 



Discussion 

We have found that methylcobalamin inhibits 
the in vitro proliferation of the androgen-sensi- 
tive cell line SC-3 and of the estrogen-sensitive 
cell lines B-IF and MCF-7 as well as the in vi- 
vo tumor growth of SC 1 1 5 and B- IF cells. Ef- 
fective dose of methylcobalamin was higher in 
B- IF and MCF-7 cells than in SC-3 cells. It 
might be partly due to the difference of the intra- 
cellular vitamin B12 contents among these cells. 
The basal level of vitamin B, 2 in SC-3 cells was 
extremely lower than that in B-IF cells. In the 
in vitro experiments the basic culture medium 
used for B-IF and MCF-7 cells was a HMB me- 



dium containing a cyanocobalamin at the con- 
centration of 0.68 fig/ml. On the other hand the 
medium used for SC-3 cells contained vitamin 
B,2 at the concentration of 10-30 pg/ml. Meth- 
ylcobalamin seems to be also more effective for 
SCI 15 tumor than for B- IF tumor. The content 
of vitamin B12 in SCI 15 tumor was lower than 
that in B- IF tumor» while the serum levels of vi- 
tamin Bt2 were similar between Balb/c and DS 
mice. The metabolism of methylcobalamin 
might be different between SCI 15 and B-IF tu- 
mors, therefore between SC-3 and B-IF cells. 
In the in vivo experiments the observed maxi- 
mum inhibitory activity of methylcobalamin 
was smaller than that in cultured systems, part- 
ly due to the solubility of methylcobalamin. It 
could not be solubilized in concentrations larg- 
er than 10 mg/ml in PBS. Therefore it was dif- 
ficult that mice could be administered with 
methylcobalamin at doses larger than 1 00 mg/kg 
body weight/day in 0.3 ml of saline solution. 

The precise mechanism of the inhibitory ac- 
tivity of methylcobalamin is not clear. In SC-3 
cells, androgen induces FGF-like growth factor 
(AIGF) and FGF receptors [26, 21], In MCF-7 
cells, estrogen induces various growth factors 



Table II: Concentration of vitamin B,: in tissue, serum and cells 




MeihylcobaUmin (-) 


Meihylcobalamin (+) 


SCil5 tumor 




1 3.28 ± 1.34 ng/mg protein 


Tumor 


0.39 ±0.04 ng/mg protein 




(n = 8) 


(n = 6) 


Serum 


14276±3287 pg/ml 


204061 ±12506 pg/ml 




(n = 5) 


(n = 5) 


B- IF tumor 




22.76 ±3.48 ng/mg protein 


Tumor 


1.5 6 ±0.1 2 ng/mg protein 




(n = 8) 


(n = 7) 


Serum 


15035 ±970 pg/ml 


)83000±16197 pg/ml 




(n=IO) 


(n=9) 


SC-3 cell 








0.01 ±0.00 ng/10* cells 


148.6 ±12.6 ng/lO*^ cells 




(n = 5) 


(n=5) 




0.10±0.03 ng/mg protein 


1871 ±101 ng/mg protein 




(n=5) 


(n=5) 


B-lFcell 








0.24±0,01 ng/lO* cells 


230 ±13.5 ng/10* cells 




(n = 5) 


(n = 5) 




1 .81 ±0.02 ng/mg protein 


2246 ± 120 ng/mg protein 




(n = 5) 


(n = 5) 



On day 24 the mice described in Figures 2 and 3 were sacrificed. The whole 
blood samples were taken via an inferior vena cava by venopuncturc. In case 
of established cells, cells were seeded and treated with methylcobalamin as 
described in materials and methods. The total concentration of vitamin B,2 
in tumors, sera and cells was determined by radio isotope dilution method. 
Table shows means ±S. E. "n" shows the number of assayed samples. 
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and their receptors [28-30]. But estrogen inhib- 
its the activity of 5-lipoxygenase, which is a key 
enzyme for the production of leukotrienes that 
suppress the proliferation of B-IF cells [23, 24, 
31, 32]. In SC-3 and MCF-7 cells, and SCI 15 
tumor, sex-hormone seems to mostly stimulate 
the positive growth control system, while estro- 
gen seems to mostly inactivate the negative 
growth control system in B- IF cells. The inhib- 
itory activity of methylcobalamin on the prolife- 
ration might be mediated through the interfer- 
ence of these systems. In our previous report [17] 
the treatment of SC-3 cells with methylcobala- 
min decreased the activity of AIGF at the level 
of post androgen receptor binding. The presence 
of the common inhibitory mechanism by meth- 
ylcobalamin among these diverse systems is un- 
known. Furthermore, whether the inhibitory ac- 
tivity is specific for methylcobalamin or not is 
also unknown up to this point. Nevertheless, be- 
cause of the ability to achieve high blood and 
tissue levels in vivo and the lack of toxicity, 
methylcobalamin should be considered as a can- 
didate of potentially useful agents for the treat- 
ment for some malignant tumors. 
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Transcobalamin II and in vitro Proliferation 
of Leukemic Cells 

G. R, McLEAN". M. J, WILLIAMS", C. S. WOODHOUSE'**' and H. J. ZILTENER"^ * 

"The Biomedical Research Centre, University of British Columbia, Vancouver, BC, ^Receptagen Corp., Edmonds, WA, 
^Department of Radiation Oncology, University of Washington, Seattle, VM, USA and ^Department of Pathology 
and Laboratory Medicine, University of British Columbia, Vancouver BC, Canada 

(Received 31 August 1 997) 

We have recently shown that antibodies to transcobalamin H (TCJI) inhibit the in vitro growth 
of human and murine leukemic cells. This antiproliferative strategy targets the uptake of 
cobalamin (Cbl), an essential cofacior for two biochemical reactions in humans. To date there 
has been no appropriate cell culture model available to study antagonism of Cbl as a potential' 
antiproliferative strategy. We have established cell culture conditions which allow repro- 
ducible measurements of cell proliferation that is dependent on Cbl and its carrier protein. 
Ten. This bioassay has allowed us to demonstrate that several monoclonal antibodies, raised 
against TCII, are potent inhibitors of cell proliferation and that excess Cbl abrogates this 
inhibitory effect. Thus, supporting our hypothesis that interference witfi Cbl uptake or metab- 
olism will result in inhibition of cell proliferation. Furthermore, Cbl metabolism appears to 
provide a useful target for antiproliferative strategies which now involve the use of inactive 
Cbl analogs. In this review, we update our work on the role of targeting TCII and Cbl as an 
antiproliferative strategy for leukemic cells. We suggest that this strategy may provide a novel 
direction for anti cancer reagents. 

Keywords: Transcobalamin II, proliferation of leukemic cells 



INTRODUCTION 

Cobalamin (Cbl), also known as vitamin B12, is 
derived from the diet and binds to transcobalamin II 
(TCII), one of at least three Cbl binding proteins, 
which facilitates its uptake by cells and peripheral tis- 



sues.'*^ TCII, a non glycosylated plasma protein of 
43kDa,^^^ binds specific cell surface receptors that 
recognise holoTCII (complex of Cbl-TCII) in prefer- 
ence to apoTCII (free TCII).^^^ Intemalisation of Cbl- 
TCII is achieved by endocytosis of the receptor 
complex. Recently Bose el al^'*' showed that the human 
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placenta derived TCII receptor exists as a tnonomer of 
62kDa in microsomal membranes and as a dimer of 
J24kDa in plasma membranes. Furthermore, the 
dimerisation of the TCII receptor was dependent on 
membrane rigidity which is itself determined by cho- 
lesterol levels. 

Intracellular Cbl metabolism involves conversion of 
the vitamin to coenzyme forms via a number of enzy- 
matic reactions.'*** Internalised Cbl is released from 
TCII within the lysosome, transported to the cyto- 
plasm where it is reduced by specific reductases from 
the +3 oxidation state to the +2 or +1 state, and then 
further modified to the coenzyme forms. In humans 
these coenzyme forms of Cbl bind to and activate 
two enzymes, methionine synthase (MS) which is 
localised in the cytoplasm, and methylmalonyi-CoA 
mutase (MCM) which is localised in mitochondria. 
MS is the most promising target affected by Cbl defi- 
ciency since this enzyme is linked to folate metabo- 
lism and to thymidine and DNA synthesis.'^' Inhibition 
of MS by blocking Cbl uptake or supplying inactive 
Cbl analogs may thus result in impaired DNA synthe- 
sis and provide a means to block cell proliferation. 

Indeed, there are many examples indicating that 
impaired Cbl metabolism results in reduced cell pro- 
liferation and may be beneficial in cancer treatment. 
Prolonged nitrous oxide (N2O) treatment was recog- 
nised many years ago to result in myelosuppression'^' 
and there are many studies demonstrating the cyto- 
toxic effects of N2O treatment.'^^*** The inhibitory 
effect of nitrous oxide is due to the irreversible oxida- 
tion of cobalt 1 to cobalt III in Cbl and the consequent 
loss of MS activity.'^*' This deficiency in functional 
Cbl induced by N2O, results in blocked DNA synthe- 
sis via inhibition of MS activity and is thought to be 
the basis of the effect of N2O in treatment of can- 
cer.'*^^ N2O treatment of patients was used as early as 
1959 in initial attempts to treat chronic myelogenous 
leukaemia (CML)''-** and later to treat patients with 
acute myelogenous leukaemia (AML).'**** Effects of 
N2O treatment have also been explored in rodent 
models."*^*** Combination of N2O treatment with other 
antiproliferative drugs which interfere with folate 
metabolism (such as methotrexate and 5-fluorouracil), 
increased the anti-leukemic effect."^^* Combinations 



of cytotoxic drugs with NjO treatment are also partic- 
ularly promising for the successful treatment of cancer 
in humans, as shown recently in a case where a syner- 
gistic effect of methotrexate and N2O treatment was 
found.'^'* However, the use of N2O as an antiprolifer- 
ative agent is not ideal even though these results indi- 
cate that inhibition of Cbl metabolism may offer a 
novel approach to inhibit leukemic cell growth. We 
now have used the approach of inhibiting Cbl uptake 
using anti-TCII monoclonal antibodies and have been 
able to demonstrate, consistent with the observations 
described above, that inhibition of Cbl uptake results 
in inhibition of cell proliferation. Moreover, it was 
recently shown that depletion of Cbl induces apoptosis 
in neoplastic cells.'^^' 



RESULTS AND DISCUSSION 

In order to demonstrate the in vitro growth depen- 
dence of human and murine leukemic cells to Cbl 
and/or TCII, we have developed a bioassay system 
using a specially designed growth medium.'^^' Using 
this bioassay we have been able to show that prolifer- 
ation of leukemic cells can be made dependent on Cbl 
and/or holoTCU in vitro. Furthermore, we examined 
several monoclonal antibodies raised against human 
TCn'^^^ for their ability to block TCII dependent cell 
growth.^^^^ Here we describe further work investig- 
ating Cbl/TCII dependent leukemic cell proliferation 
in vitro. 



MATERIALS AND METHODS 
Materials 

The moUvSe lymphoma cell line BW5147 and the mouse 
mastocytoma cell line P8 1 5 were from ATCC 
(Rockville, MD). The human erylhroluekemic cell line 
K562 was from NRC (Ottawa, Canada). RPMl 1640 
culture medium, RPMI 1 640 culture medium deficient 
in cobalamin and folic acid, and RPMI 1640 culture 
medium deficient in methionine, cobalamin and folic 
acid were obtained from Stem Cell Technologies 
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(Vancouver, Canada). Fetal calf serum (FCS) was from 
GIBCO (Grand Island, NY) and human senim (HuS) 
from ICN Biomedicals Inc (Costa Mesa, CA). 
Microfine precipitated silica (QUSO) was a gift from 
Degussa Corp (Ridgefield, NJ). Cyanocobalamin, 
5-methyltetrahydrofolic acid, and DL-homocysteine 
were obtained from Sigma Chemical (St Louis, MO). 
Radiolabeled cyanocobalamin ("Co-Cbl) 10.5uCi/ml 
was purchased from Amersham (Oakvilie, Canada). 
Bacto agar was from DIFCO Laboratories (Detroit, 
MI). Recombinant human TCII (rhTCII) was produced 
as described previously.'"' The anti-human TQI mon- 
oclonal antibodies have been described and charac- 
terised previously.'^*^' 

Cell Culture 

W5147, P815 and K562 cells were maintained in com- 
plete RPMI 1640 medium supplemented with 10% FCS 
in 60 X 15 mm culture dishes in a humidified atmos- 
phere (5% CO2, 95% Air) at 3TC. Cells used in the 
Cbl/rcn bioassay were grown to late log phase then 
washed three times in phosphate-buffered saline (PBS) 
before resuspension in Cbl-deficient bioassay medium. 

Cbi/TCII Bioassay 

The bioassay to determine Cbl/TCII dependent cell 
growth has been described in detail previously J^' In 
all cases, cell viability was assessed by MTT reduction 
as previously described J^^^^' 

Colony Forming Assay 

Cells were treated as for the Cbl/TCU bioassay except 
that they were seeded at 1000 cells per 35 x 10 mm 
dish (Nunc InterMed. Roskilde, Denmark) in medium 
containing 0.3% (w/v) bacto agar. Colonies were 
counted after 7 days in culture. 

^Co-Cbl-TCII Binfling Assay 

lOOul of human serum was labelled with 2ul of ^'Co- 
Cbl and incubated at 37''C for 1 hour. To this mixture, 
10^ K562 cells in PBS were added and incubated for a 



further 1 hour before washing 3 times with PBS. 
Antibodies were included at lOug/ml. To determine 
specific binding of labelled TCII to the cells, the resus- 
pended cell pellets were assessed for y radiation in a y 
counter. 

In vitro TCII Growth Dependence of Murine 
and Human Cell Lines 

Previously we have shown that the viability of human 
and murine leukemic cells in vitro was dependent on 
the presence of Cbl and/or TCII in the growth 
medium.^^^' In order to show that murine leukemic cell 
colony growth in vitro was also dependent on C^bl and 
TCC, we adapted our bioassay conditions from liquid 
suspension cultures to semisolid agar cultures. Figure 1 
shows that the colony growth of murine lymphoma 
BW5I47 cells is dependent on hoIoTClI in vitro. As 
expected, the colonies that developed in the absence of 
holoTCII were considerably smaller than the colonies 
grown in the presence of holoTCII. Generally we 
observed 3-4 fold decreases in the number of colonies 
in the absence of holoTCII when colonies were grown 
in the standard bioassay medium which lacks Cbl, 
folic acid, bovine TCII (from FCS) and is supplemented 
with homocysteine and 5-methyltetrahydrofolic acid 
(Fig lA). When this bioassay growth medium in addi- 
tion lacked methionine we found an absolute depen- 
dence on TCn for colony formation (Fig IB). Thus, 
these results confirm our already reported data that 
optimal leukemic cell growth in vitro requires Cbl and 
TCII, and further indicates that under extreme condi- 
tions (lack of methionine) cell growth absolutely 
requires Cbl and TCII. 

OptimisaUon of Cbl/TCII Dependent In Vitro 
Growth for Leukemic Cell Lines 

Using the established bioassay conditions, we have 
demonstrated Cbl/TCII dependent in vitro growth 
of the murine mastocytoma P8 15 in a 3 day assay 
(Fig. 2). Furthermore, if P815 cells were starved for 
16 hours in medium lacking Cbl and TCII prior to per- 
forming the bioassay, similar Cbl/TCU dependent 
growth responses were obtained after only 2 days in 
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RGURE 1 Colony Forming Growth ofBW5147 CelUt is Dependent on TCII. BW5 147 cells were plated out ( 1000 cells/plate) in deficient 
bioajway medium containing 0.3% Bacio agar in the absence or presence of iOOng/ml hoIoTCII for 7 days. (A) media containing methionine. 
(B) media lacking methionine. Resuhs arc expressed as the mean ± SEM of triplicate determinations. 



culture (data not shown). P815 cells display essen- 
tially the same dose responses in vitro to CN-Cbl 
(Fig> 2A) and recombinant human holoTCII (Fig. 2B) 
as BW5147 and K562 ceils but P815 cells respond in 
a shorter time span to lack of Cbl/TCn than the other 
cell lines examined. This is in agreement with the 
respective proliferative rates of these cell lines under 
standard in vitro conditions (P815 cells have a shorter 
doubling time of approximately 12 hours whereas the 
doubling times for BW5147 and K562 cells are 
approximately 14 hours and 16 hours respectively). 
Thus, cells which divide more rapidly under standard 
culture conditions respond to lack of Cbl and/or TCII 
more rapidly in our bioassay. This is consistent with 
the previously reported finding that expression of 
TCII receptors correlates with the proliferative status 



of the cell.*^^' Furthermore, it has been hypothesised 
that rapidly growing cells, such as leukemic cells, 
have an increased consumption of Cbl.'^^^ This may 
reflect that endogenous Cbl is exhausted more quickly 
in rapidly dividing cells. 

We have adapted the K562 cell line to grow contin- 
uously in our specially designed bioassay medium 
supplemented with lOOng/ml recombinant human 
holoTCIl but lacking folic acid, bovine TCII and Cbl. 
Cells were passaged in this medium for up to 6 months 
without appreciable changes in doubling time. 
Stepwise reduction in the amount of TCII in the cul- 
ture medium resulted in decreased growth of the 
adapted K562 cells until no growth was observed with 
less than 1 ng/ml hoIoTCII (Fig. 3). These results indi- 
cate that holoTClI and therefore Cbl, is an absolute 
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FIGURE 2 Proliferation ofPBlS Cells is Dependent on Cbl/TCii. P8 1 5 cells were seeded ai 5000 cells/well in bioassay medium containing 
serial dilutions of CN-Cbl in the absence (open square) and presence (closed square) of lOOng/ml apoTCII (A) and holoTCU in the absence 
(open circle) and presence (closed circle) of lug/ml antibody 2-2 (B) and cultured for 3 days at'37°C. Results are expressed as the mean ± 
SEM of triplicate determinations. 



requirement for leukemic cell growth in vitro. 
Furthermore, we also adapted the BW5147 line to 
grow in a TCII dependent fashion in another specially 
designed growth media. For these conditions, the base 
RPMl was identical to above but the 10% QUSO- 
treated FCS was replaced with 1% human serum to 
which 60()pM CN-Cbl had been added to fully satu- 
rate all available TCII to the holo form without leav- 
ing free CN-Cbl. BW5147 cells that had previously 



been adapted to grow in complete RPMI supple- 
mented with 10% human serum were able to be pas- 
saged continuously in the above specialised media for 
up to 6 months without appreciable changes in dou- 
bling time (data not shown). 

In general, the propagation of mammalian cells 
in vitro requires that the culture medium contains well 
defined constituents and is supplemented with a serum 
source (usually FCS). The system we describe lacks 
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FIGURE 3 K562 Cells May be Adapted to Require TCUfor Proliferation. K562 cells adapted to grow on holoTCII were seeded at 5000 cells/ 
well in bioassay medium containing serial dilutions of holoTCII in the absence (open square) and presence (closed square) of 0. lug/ml 
antibody 2-2 and cultured for 4 days at 37*'C. Results are expressed as the mean ± SEM of triplicate determinations. 



Cbl, TCII and folic acid which were replaced by 
metabolites involved in Cbl metabolism to allow 
Cbl/TCII dependent cell growth. This system has 
allowed us to determine in various ways the role of 
TCII in in vitro cell growth. We have shown that the 
bovine TCII in the serum source may be replaced by 
recombinant human holoTCII in order for optimal 
in vitro cell growth. Also we have shown that a 
reduced concentration of serum in the culture medium 
can support cell growth if TCII is converted to the 
holo form by the addition of Cbl. These results high- 
light the importance of Cbl and TCII in the growth of 
leukemic cells and indicate that these could prove to 
be useful targets for antiproliferative strategies. This 
may be particularly appropriate for the treatment of 
AML and CML since serum levels of TCII can be sig- 
nificantly increased in these patients.'^**' 

Inhibition of TCII Binding to Leukemic Cells 
by Anti-TCII Antibodies 

The anti-TCII antibodies have been previously shown 
to inhibit delivery of Cbl to cells in vitro P'*^ To deter- 
mine if anti-TCn antibodies could block binding of 



TCn to human leukemic cells, we performed binding 
assays using K562 cells grown in log phase and human 
serum saturated with ^'Co-Cbl as a source of "Co-Cbl- 
TCII. Our results (Fig. 4) indicate that some of the 
anti-TCII monoclonal antibodies (2-2, 3-11, 4-7) 
completely inhibit binding of ^^Co-Cbl-TCII to K562 
cells while other antibodies used at the same concen- 
tration resulted in only partial inhibition of ^^Co-Cbl- 
TCII binding. In previous studies we demonstrated 
that these inhibitory antibodies cross compete for the 
same epitope on TCII suggesting that they bind to a 
site on TCII that is in close proximity to the site recog- 
nised by the TCII receptor. Antibody (2-6), previously 
shown to recognise an epitope which is different from 
the one recognised by antibodies (2-2, 3-11, 4-7), also 
inhibited binding by 90% (Fig. 4). Several other anti- 
bodies (1-9, 5-18, 3-9, 3-5). only partially inhibit 
binding of TCII to K562 cells (Fig. 4). These results 
support those previously reported by Quadros et al^^'*' 
who showed that antibodies 2-2, 3-11, and 4-7 
blocked Cbl uptake by K562 cells and the other anti- 
TCII antibodies were less effective. As an extra con- 
U^ol, lOmM EGTA was included in one point to show 
that binding of TCII to K562 cells was Ca*^ dependent 
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RGURE 4 Specifc ami- TCII Monoclonal Antibodies Inhibit Binding of Labelled TCI! to K562 Cells, 1 0* K562 cells in PBS were incubated 
with ^^Co-Cbl labelled human scnim for I hour at 37''C in the presence of lOug/ml anti-TCM antibodies, lOmM EGTA, or no additions. Cell 
pellets were assessed for y radiation as described. Results are expressed as the mean ± SEM of duplicate determinations. 



and that no ^^Co-Cbl was taken up by the cells under 
the binding conditions used. 

Inhibition of Cell Growth by 
Anti-TCIl Antibodies 

Our earlier work showed that anti-TCll monoclonal 
antibodies can inhibit the growdi of K562 and 
B W5 1 47 cells in vitro}^^ Here we show that P8 1 5 cell 
growth in vitro is inhibited by these antibodies (Figs. 2B 
and 5) with a similar dose response pattern as was pre- 
viously demonstrated for BW5147 and K562 cells. 
When K562 cells adapted to growth in recombinant 
holoTCII (Fig. 3) were grown in the presence of 
0. lug/ml of the anti-TCII monoclonal antibody 2-2, 
TCII dependent cell growth was strongly reduced 
even in excess TCII (Fig. 3). 

In the case of B W5 1 47 cells that had been adapted for 
TCn dependent growtfi in human serum, similar results 
were observed. Addition of antibody (2-2) to the growth 
medium inhibited cell proliferation while antibody (1-9) 



had no effect at the concentrations tested (Fig. 6). Taken 
together, these results show that regardless of; i) the cell 
type; ii) the source of human TCII; and iii) conditions for 
TCII dependent proliferation; similar patterns of inhibi- 
tion by the anti-TCll antibodies were observed. 

Others have so far not been able to demonstrate 
inhibition of cell growth in vitro by anti-TCII anti- 
bodies, although these reagents have existed for some 
time. However, a report in 1995 by Bose et alP^^ 
described the production of human TCII receptor 
specific rabbit antiserum. Interestingly, the rabbits 
injected with purified human TCII receptor for pro- 
duction of antiserum, failed to thrive although tissue 
or organ damage was not apparent. Further analysis 
showed that the circulating antibodies to human TCII 
receptor bound to and inactivated the rabbit TCII 
receptor, resulting in severe Cbl deficiency and the 
failure of the rabbits to thrive. This supports our data 
and indicates that targeting Cbl at the level of the bind- 
ing protein and cell surface receptor may prove to be 
useful in antiproliferative strategies. 
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FIGURE 5 ?575 Cfi// Proliferation is Inhibited by anti-TCII Monoclonal Antibodies. P8 1 5 cells were seeded at 5000 eel Is/well in bioassay 
medium containing serial dilutions of anti-TCII antibodies [3-5 (open triangle), 5-18 (open square), 2-6 (closed circle). 4-7 (closed square), 
2-2 (closed triangle), 3-1 1 (open circle)] in the presence of lOOng/m! holoTCII and cultured for 3 days at 37*C. Results arc expressed as the 
mean ± SEM of triplicate determinations. 
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FIGURE 6 BW5J47 Cells may be Adapted to Proliferate Dependently on TCU. BW5 147 cells were seeded at 5000 cells/well in bioassay 
medium containing 1 % Cbl-saturatcd human serum in the presence of serial dilutions of anti-TCII antibodies 1-9 (open circle) and 2-2 (closed 
circle) and cultured for 4 days at 37°C. Results are expressed as the mean ± SEM of triplicate detenrtinations. 
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Nachdritck verbotcn 

[Atis lior Kalnik fur (Ihnnisrlir nnil riianna/.ru I isrln- IVoiliiklc ..liliiiioin" 
nnila|>('sl] 

ijher den Charakter des Antagonismus der Cobalamin- 
monocarbonsaure gegeniiber einigen Analogen 
des Cobalamins 

A. Sinioii 

Mil rinrr Ahliildiin;.' iin I't'xl 

l-'i'ir <liMi Davis" S»ainm /•'. roll \\:\-,\ isl dio Colialaininmonocarhonsaiirc cin 
kompi'lilivrr AiUa^ronist drs Cyanorohalamins (1). Wird dirscr Aulafjonisnuis mil 
drtn A«:ardifrusi«)»is!csl mUorsuclil, findol man folgotidc Hi'sullato: 

J. Die CvanorohalamiuMionorJivlMJiisanrc an la<r<»iiision v*)llslandif: dm KffckL 
dt»s Cyanorolialamins in /jOfarluM- Kon/.rn Irat ion. Dirstr Fakh»r ^lO ist cine kon- 
stanlr. voi» <lcr Konz*Milratioi» des Cyanocohala mins iinahliiinfrip^ Zahl. 

1. Wild zii einrr hrsi imin ten Ij'isiinjr von (!yanoco!>alainin (iolialainiiniioiio- 
rarl)onsaur(' in stpi-(;n<ltMi Konzrn Ira liontm ziij:o<,'clKm itn<l werden die so orlial- 
Wiwii J.osunjriMi anT oincr fiir hitilojrischc H,M-\ il.aniiiiI»oslimmunjjr vorliorr Iu-Umi 
AjrarplalU' nnUMSiiclil, finilc! man l>is zu (Miiur etwa ofaclion Koiizcnira lion (lor 
\roiMM'arl>ons:iiirr keintMi siclil haven Uniovsriiiod. Im i'alJo einer 10 o^lrv 20farluMi 
Konzenlralion i\vv Afoiiooa rlxmsiinre \vir») dii* \Viirlisz(mt; elwas (urn 1— 2 mm) 
jrroBor iind vcrsrhwoimmMUM'. Jsl dio KonzrnI lal ion nocli liiVlicr, so versidiwlndiil 
dio Wnrhs/onr odcr \uU\v\ sirit rinc kaiim walirnehmharo OpazitiU ans (2). 

;j. Anf cinov Airarplattr. dir srhr kl<Miu» Menirrn Vilainin J3i^ rnllialu wirkt 
die ColialaminmoiuM^arhonsanre wic cin A n t iliiot ikiim iind nifl eine iv-celrerlilc 
liihihitionszono horvor (',]). 

Im Hesilz dieser Dalen srlnen os iins inleivssanl, don anla;ronisl isrhon Krfckt 
i\ry Cyanorfdialaminmonorarhons/iurr ;^o«ronrd)er jrewissen r.ol>alamin-Ana]»»«rei) zu 
niMersucht'n iind zu rlia rak lorisi(Mrn. 

jMothodik und v«?r\veiidcle Su))Staiizen 

Vila Ml i 11 Ji,.». Ks wiirdr <las krislallisierlc Produkt diT Viniia Clitnoin v(M-\vomli*t. 
Das Prodakl w,M'dc'/.\vriinal umkrislallisiciL und dir Uriidirit. diirrli l*apirrr!iminalO};raphic 
iiiid Klrk(n>|»l»orrs(' kniu lollirrl. 

C <» Il i II a in i <1 (Kaklor B). Das I'raparat wurdu folgi-ndrrutaUtMi d;u-,a-slrlll: cs wmdi; 
J.fi riiir Woclir laii-r. PropiomlHtderhmi sUenfUwii nuf cinrin Nalirbodra fjr/iiolileL, ilrr 

0/r>"„ Mais-Kxlrakl {( .oni-sh-rp li<pu>r)-Tn>ckc'nsubslanz, 2% Giukosc, 0,r>"/o {M'/i>i^^D4 stiwie 
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A. Si. 



I ^SjMiiriirlrnii-nlr i-nlliii lK J)rr |>II-\V«rr. vviinl.' (tiiivli /.ii-al»r voa \li,i>|( 
7 jjeliahi'ii. SuvU ruivv Woclic wiiiilr Kiiltiir /ml rirtijrin l , ilas S.'ili,,',,.,^ 



yAvisdlt'II (J UMfl . ^ ,1.,,, .,«,v,i t iin r ^\^|^1M■ uif iMllliir /nil ri I tl<ri<'ri , if;iS >t'il|||,,.|^ 

init Wiissri' :iiisgf\v;is(;lirri, wiiMlri- /..miI rifii^rirrl tiiHt tUv. U.-iktrrii'iitiinssr mil. lif)" „ij:rm >h lli;,„ol 
<'xl.r.'iliiorl. Din (Inirh /riilrifn^jirm. ^ri-kliirlr ini ttinnnlisrlii- LOsiiii- wtinli- iiiilrr vri'iniiHl,-, 
JJriiuk t:in;frrnf:l. Dir so rrlmllrm- Losiiiijr j,n|,| „;»,.|i /„jrj,b,r v.n. KCX t'inr vinlrtir J-TuJ,,,,,., 
iiihI (MilliiiJl .Milj.T OiMnnniit) biin.* ihmIimv CulKihunin-A n.-ilo-fon. wir t s .liiirli ( ilinmialD-r:,.,!,;]! 

im Sysli'ni S.v. Hiiliuml-Wjissrr iM^sl.-ili-l wnnl.-. l)i.- K,Mi/.:nl r;il i l.-r Kosiiii- vv„n|,. ,|,.p 

biolofjischrii Akliviuit riitspmOh-iM] riiiorrsirllt (auf dn- A;,Mrplall.' iri'iihssnu- .■irlirhilian- \kti- 
vilat). 

J'akt<»r II r (.'>.liyiln»>;yl>rn/irniil;r/oI-(:ul»aIaMiinj. IjH Uoiiiin,.r/.ii-llfs. nittfiiifs \'ti\. 
jmral. wnrfic iiii Syslnn Srr. niilaiinl- Wasscr rlinnMalo^'iapliim. Ks i^iilliich Kaklor HI, 

tVaiiocobalainin imhI J.S"„ ainli-n- Snl>slaii/. ii. Ivs xxnnlt; mil iIimm .■I(nimat*)L'raiiI,i.,.K 
j,'ert.-iiiifrUMi, isolicrlm Kaktor III {,'rarl»ri|c| . 

C o li a I a m i II 111 o II o i; a r Imi II s :i u r r. ])ir Siil»slaiiy. wiml.* i)iin:li llvilmlysr \Mrt 
Vilamih J{j^, hrrj,M*sli'H| ('i). 

Ih r Aiilaj,nmismiis wiinit' aiif naeli TscilAlKOWsKAJA iimt Dri zimva lirr«:i'sli'Ihi'ii 
plat ten mitrrsnrlit. i.'t ,. 



I a Ml I II 11) o II n (■ a I' 
I 1 [. 



» tt II s ;i II I- r 



K^ye))njss(^ 

J . A II I. a o II i s m II s <l c r (! i> It j 
r (> I* i n a 111 i 4I u 11 d F a k I o r 

Ks uiinlo (lt»r AiHajjonisrniis zwisrhiMi Coijalainimnoiiora ihoiisaiirr iiiul Koliin- 
.*iiMi(M>zw. Kaklor III. unhMsinlil. In JiV A«.'arplantMi (5) wmnlfMi [.oi-Iht •rr|„>|»i|. 
wild in iJio Iau'Ium- wirrdt; jo riii Tropfrn von dm vcnvliiiMlrnon Lnsim-roii riiiur- 
lra*;on, dio die an lajronislisriicn Siihslanzcii in \ rrsidiirdoiirn Wrlirdlnissni t nr- 
liudlrii. Dip iM-jrrlniisso sind in Tahcdh? I >:nsainnM'iij;cral.il. 

TalM'lIr I 

nosclnvilmn;; diT /oaoii, dir diiirli vrrsrhirdi-m- Misi liun-jru von Od)aIan)inmoiM>rarliiMis:'i.it.- 

mid d<»r Kakloroii *riitslandrii 

A iigr\v<M)di"|rr l''aktnr 
(!ol>iiiainid I'aklor 1 1 1 



Vri lifdliiis drr Kon/t'iil ral ioncii 
<lrr ( iohalamininonocarltnti- 
sriMn* mid dt's Kaktors 



7.r> 



lirsi-lirt'ilMmir d<'r /.in 



— II.. H. 
kriiM' /.intr 



•r>.:> V. 

27.0 It. 

- II.. K. 

- II., It. 

Ki'inr /rmr 



F r k I a r II II Dir /aldt-ii Iirdfiilrn dca DurrjiiiirssiT d.-i* /(mh-h in mm. Wo ki-iiir /alijrn 
aii«^i'*rrlM.|i. war die /om- vrrsc'liwonum'ii tind iinmrUhar. 
\. = Zonr mil. vci'scliwoiniiKMioin Itand. 

It. = Min;;rni'ini{(c Wurliszono mil rinrr Jithitiitinris/.niii* iiii /mlriiin. 
J I. = Dir /.mil! isl Vfi'Sthwoinmcn mid kaiim .siild li.if. 



/.»( 



li H 



sd 
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t W II nil- llllirll /ll-rnlM! VOII XI 1,1 )( I 

(• Kiilhtr /..Milriftip'iTl, il:ts Si'ili,,',,.,^ 
iktrririiin.-issi- mil (JO^e.ijri'in M.'l|iaiio| 
1h' Lcisiin;; wunir iiiilcr \ iTMiin(lt'rl..,n 

ilnrr^ji, xvir ,.s Jiiivli (;hroiii»ln;ri;i|,|,i^ 
vou/cnliMliim drr Kosiiii;: wiirilr ,|,.^ 
;,'MrpI:il|i' ;rt-mr.ssi'nc st ln'inli:in- .\\n\. 

\'Vit\ koimih'i'/iflli's. niin-incs I'uV 
i|»!»irrl. Ks iMillurh !H>"„ K.ikh.r III. 
i wiinli; mil itnti (•lifiMii;i|o;^i;i(tlii^,.|, 

isljiii/. wiinli' iliirrli 1 1 y<!ii)lvsr \„ti 




I ti n i» i' n r l> I) II s ii (I 



I* r rti I I 



tliuiionocjirlMHisruiri* mid K*»jiin- 
Umi (5) wiinlni I.orlnM' ^rrlinhiL 

jrsrliiodiMUMi N'frhril I nisscii crii- 



ten rii:ir;tli|ri- ilrs AnlJt^itnisniiis Jrr rolKiljitiiiniM«i -.i rhiHisaiiri' 



•JO I 



Aiis ill ilt'i- 'I'ltlu'llr I l»i'srlirlcl)i'iu*n J'j jrt'lmissiMl knim in;in foI}:tMi»lr Si liliissf 
: ^i(.Ii*Mi: 

(. ColKil.iinimnoiiorin-lionsruirr isl AnUijronisl niclil nur (Ics Cy.iniMnt.al- 



:-}JemnHin^'. \v<Min dt'i* Qiioliojil An lJi*;(misl/l''iik!i>r hri inirv iil»or GO lie;:!. : liri 

,f^:Q|)in;iini(l uinl (!ai»'i iHo vinucllts nn iU*v A^r;ir|>l:i Mf *r<Miioss<Mn; Tilsrlir Kim/rii- 

-4r:tli<>>i ills ..KonzorilnUion'* i"irliU'l . ) 

'1, Df'r Anlii^jonism us zwiscluMi (;()l):il:iiii(iliiH>nor;iilMHis:iiir«' iiiul uiilrr- 

:\njrlil*'»> An;il<)«ri'u rsl \ oiii Anhijrouisiniis /wisclion ColciI.iinirnnniuM Ji i lMtnsiiiin' 

.^ijid \'ll:in>in H^^ ^'*'l's<'lli*''l^*•». 

Hri t\oY AuwciMliir*^^ voa \tM'srliitMl(MUMi Misclum;jrii vim \ iUimiii lJ,j iitid 

((loliahiiMinnionnt'iirlxMisativ*' Ix'koininl rtiiiii i»riinlirli lionio^^enr WiKrhs/oiM-n. 
dor shifcMixvpisi'ii Mrliulitinj? drr irlnli\rrj ( ioh.-ilaintn inoin»ciirI)oiis:iu re- Knii/ni* 
tralittii wridni tlio /t)iu*n uru I — 2 miu •rn'd.tci*. daluM \v*»rd<Mi sir ahrr vt'i'srliwinn- 

:;yiiriH;r. I>is si*' am Jliitlr jraii/ vim-scIi windrn. 

Hri don nil Icrsiii'li Irn h'ak»onMi wnnlrii hrl jrt'wissrii KoriziMi Ira ti(n»s\ crliiill - 
nissfMi ill dor drr \V(irhs/onc ^^aiiz •:nt ilrfiiiiorlc I loin ni riiitrc lMMd>arhlr I . 

IVi <lt*>' wrilcirii l\rlt(»hun«jj der rolaliviMv Kon/oii 1 ra I tion ilrs A n laL'oiiistni mm- 
jjrliwiiidcl alhnalilii'ii dio jraiizr Wut lis/.niM\ da die Ih'iiun/onc iiimirr ^iroUcr uud 
iWv \V»i< hs/.niMr iiniiu'r vrrsidiwoni iiUMicr wird. 

Ill (lii'son l^'alliMi \»*riirsa( 111 dio (;i>l>alainiiiiuonocarlM>iisaMrr (Miir /.riUrali- 
HiMumzoiU'- dit^ doiM'n ahiicll, woU'lto diirrh 4Miu» Afisriiiiti^^ \uii \ itaniin H,., iind 
Oxylrlraryidin t*t\vv andrrr. «M*^a>ii A", cnti Wi)-?* aUlivr A n I il>iol ika aiis^n-ln>il 
wordrii. 



.I'll v(Hi G)ltid;imiutnoi»c)(;irlMHi>;iiii'. 
dm 



ACiuli'lrr I'aktoi' 
>d Kaklor 111 

rihiimr il,.,. /.„|„.„ 



_.>..> 

2:..:> \ . 
27.0 n. 
~ II,. u. 
^ - II.. M. 

'* Kriiii' /.OMc 

;*r /uiirit ill iiiir). Wo kriiic /.dilcfr 
iinti iiittnrUli.'u*. 

luliil>i(ioiis/niir iitt /fitlnim. 
niid kaiim si< lit)t,ii\ 



: J I. I) ti r (• \\ \' \ \ a III i II I> :» * i> i^' • <> <>> '* '* ** '* '* " ^ " " '* 

C o i» t 11 a til i d I) /. u. I' a k I o r Ml a it S r 1 o sic h i ii li p U a ii o - 
III (' II 

In 4'tiirm \ frsiirh witnlcii (lyantx-oltalaiiiiii. (iohalaniiiiiiinmx'arlionsiiiiiv mid 
Cohinaiiiid /iisainnuMi aiif dio .\irar|)la I Ir (.'») in f(>!irrnil('u Kan/.oii I ra I ionni aiif- 
jrclvaj:*'!! : 

CvaMnrolKilaiiiiil 0.r^;i«r/ni! 

rohalaniiniiionniarlxHisaiMf .... IO.O//«r/inl 
<:<d>inainid (virl iiollr Akt i\ ilii I ) . . (»..'> /iir/in I 

ill dirsciM I'allo. in »rr\vissi'r riMroinstininiiiii^r mil doin vnri;:*Mi Mxpernni'ii I . 
wiirUe fine drriraclit' Aoiw rrhalloiK ciiu* iimorc Wuclisznnr. riii aiiUiMiM* Wm lis- 
rinjr mid zwisrlirn dm hoidtMl riii JK-imiirin;: isitdir AUIi. I). 

WViin das iMt^r(Mrinijrl<^ Priiparat dcs Faklors III In ciiirr zwrifarlirn \ rr- 
di'mnnnjrsroilH^ mil ininior dtMScjlicn Mi'ii;zt' vmi ( Jilialaniimnininrarhoiisau rr. aiiT 
d.ic AjrarplaUc an f^'iM rajrtMi wnrdon war, wiirdr oiii iihnlirln's Mi}rrl»nis rrliahm. 
Wurdon nn-rcrciii ij,Mr Vilaiiiin lii-j- 1 -"snnjfon in \ crsrliuMloncn \ orliall nissen mil 
CtdialaininmnnocarlMnisauro /usam imMijrrm isrli I anf dir. Afrarplallr (5) a nfirr I rairrii. 
wnrdrii rhrnfalls snlrhr Miii«:rrsrliriniin^^rn lirnharlilr I, 
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AIi|». J. 'J'n'imiin': yon (!\ amn (»li:il;imin iniit < !ttliiti:unitl iltiirlt A iiu rml miir \ <m fiobiihunin- 
in t ) Ml M'.i r I M>ns:i I n-r. 

I (('mim ing' rnlsprM-lil, tier (;i)lKil;uninmi)nornrl>oiis;iiit'r, ilir iiinrir Wnclis/oiip 
ilriii Vit.nniii l>,., immI drr :iiitii'rr Wiiclisrin;; drin (ioUinainiil. Jjilf.ii hc \VTgml,i<.'rnnj,' 

B(spreehuiH| ilcr Ergobiiisse 

FaNTES lint] Mil;irh. ((>). SiMON i7. !)) iind aiirJi andriv Aiilnrrn Iwilx-ii howii'srii, 
Walt l><*i <lor AjrardifrMsionsniol liinlr drs (iyariDculjalainiiis iiiid solnrr AnaJojri'n 
k(M*iu' frci<» Diffnsinn aiif dcr tnit. Hakln icn l»rinij»rion A*rarj»latio st.n I ifiiidcl. 
soiulorn die •rrnannlon Si'l)Slan/(Mi <liirc li ilic» MikruDi-j^aiiisnu'ii al>sorl»icrl \v*'rd»Mi 
niu\ (lor Knirait}; ^\vr \\*tn'Iiszotxt»ii atiUor <i«M* Konzotilrfilioii dvv aiif dio Af^orplallo 
aur<:('(riifrOTton \Vii«lisslnffi» dor Vitamin JJ,^»-Mri)H' aiicdi von tU\r Inlcnsital d»M- 
Riiulun*; an die Maklorion al»l»j"»ii<;i(: is I. Hoispiclswciso is I rs v.'iiw widil iM'kaniilc 
Talsaolu*. dalJ <las (iohinaitiitl hoi dom Ajra rdiffnsionslos I olwa ffnifinal akli\-or 
zii soin sohoinl. als hoi dor JIosI iimniin^^ dtin h die liirhiiliinol risolit* AhMhtxh' (FOKD. 

uns (ladiindi /.ii orkhiron isL <hiU diosor Sloff sich sohwiiohor an dio llaklorion 
Itiiidot als das vaiKirohalaniin. 

Die hior hosohrioljonon Vorsiiolio zoi<ron, daB das Cyannoohalaniin frslcM- <hin li 
<lio (iohalaiiiininonooarlionsaitro j;*dnm(h'n wird. Doshalh dirriiiMlicil oiii \vos*»iil- 
liohor Toil dor lolzloron Snhstanx in dir aiiliorhall> dor dmoh das (:yanoool>ahiniiti 
horvor-roriifonon Wuohsztnio, L'nlor nonnaloii Kodih'riinjron wird jodonh <Iioso 
Talsarlio niohl uahr';<Mi tnon. da os nirlils ;ril>l- was <lio Anwosojihoit diosos 
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(InnJi Anwriiilnni: \oii (!oI>aI;»niiii- 
• jirlioiisaurc, ilrr iniM.rc Winhszoiio 



JitxItMc AiilorvM l):il)(Mi I)('\virs(*ii, 
•l»;il:iinins niid soiiUM* An.'ilopMi 
rnpfUMi Ajrarpl.'iMo sifil ifiiult'i. 
r()()rj;ai»isnirii ;iIis<n*l>iorl wrnirn 
MllralitHi drr niif Aw Aj;;»r})|ji I lo 
(> aut'Ii von (i(M- lnl(M»sit;il drr 
vvoisr Is I rs rino wolil hrkaiinli' 
sioMstcsl v\\Yi\ frmfiujil akli\cr 
irliiiliinolrisrii*' MolhoiU; (FORP. 
sclnviirlHT an die liaklriirn 

ns ryanori»l»aiaiiiii( frslcr {liin li 
)(*sliall) (liffiititlicrl cin ucsciit- 
(Icr <lu»'ch «las (iyarHM-obalantin 
(Mliiijriitij:t'it wlvd jcdocli dicsr 
I. was Aiiwrsciilicit tlirsrs 



i hvv «lcii (!Jiar:ikli'i- *\*^ Ai>lii«;onisiniis t\vv (inhiilainlinmtiiurarlMiiisrnin* 



21)3 



■it) 



nt-mnvslofffs anf <lrr Ajrat'plaUc irulizicMvii wiinlr. Docli wurdv vniii ViMrasser 
*eincr vorijron l*iil»likalion {'!) oin Wrsuch licsrliriclMMi. Imm" dem ilirsr linlikalioii 
iiiL'lich war. Ks wirnlca ;rtM-ij,'inMt' Misrliiin^^oii voii (;yaiiort»l>al:ii))in und Colial- 
j^^^j^i,i,nonocarli(»nsiiuiv aiif vino A«:avidaMo (5) in ziirinandtM- naludM'j:(Mi«l(M» 
'^^nnklrri aiifjrelrajrrn. Dir sirli ansl>ildeiulcn /<»i»»n flossen nirlil '/nsamnirn. 
yohdrni wiinlcn df^fonmcrt . fasi vi(MVrki<r. <l«»irl» srinnalr. .mhowachscnc Sirt'ifcii 
ynrinnn'I*'!' -roliviuil. So wird tlas VorliandiMtsoiii ties aiUajronisl iscluMi Faklors 
iiiirrli dir n«d)rnt'iiia ndrr airs-cliildtMcn Wurliszonrii am Uaiidr drixdhni indi- 

l)iV liit-r luvsrln-irln'iMMi Vt'rsurlir sptvrlirn aiuli dafi'ir. dati dir ( .(d»alaniin- 
jaViKKarlioiisaiMV fcsln- von drri Tosl*»r<ranisnirn jrclumdrii uifd als die iinlor- 
:itirit>*-'» (l*>ltJilaiiiln-Anal!»jrcn {CnlMnanud. Fakloi* 111). Sir wird <liiirii die Uak- 
ii<non jfobiiMdcM, iind ih»sl»all» falll ihn» Konz(Mihalioii Imm dvv Difftision sciinHlt'r 
ah ols^li<» Kt)HZtMilralioii (Um- cnvrdnilf'ii Faklon*n. So v<M'srliiidMM> sirh tlio K(»a- 
^enlinlionswrlialtnissc am Man<lc dor /one /ii«rnnslrn dcr lol/lrrt'n. unci rs hildct 
ij'Ht (iunli rini'M Wnrlisrinj,' unikivisir, llr(nn»/onr ans. 

Ans dicson Tatsaclirn rr*ril>L sirh dir Norlrihm;: drr 1 laiipl inrnfrrn der vrr- 
^c)iitMl(M»ri» Siilislanz(»n in drr Uinj^orsclinnun-r drs II. ViM-snciirs. Dio Urilirufoljro 
ivct voui NfiludpunkL nacli dt-in Uand: Cyanorolialaniin, Cohalaniiiunonncaihon- 
^aiirr. llolHiiauiid Itzw. Faklor III. 

L)(<'srr N'rrsnrh siriil oinr cIinMnalojrrapliisrhr 'J'rrnntm'r <I(m- droi Faklfnvn dar. 
J)a aluM- diosr 'l^vnruin*: mil llilfc dor auf dir A»;arplano jrriniprirn IJaklrrion 
itnslandr Uoininl. wojiol die IJaklcM-irn dnrcli dir srU'klivr Biadun;: d(M' rinzrliirn 
Sid>slanzrn rino akiivr i^»II<• spiclrn. kann tlirsrr Fn./rii B i o *Hi r oni a I o - 
jr r a p \\ i r •roivn'inl wordrn. 

Dirsr rinfarlu* Alrlliodr isl fiir dir V n !<ms n rj mi n;r \ 'mi univineii Praparalon 
von» \ tlaniin B,^ (Brcinix rlr.) grrijrnrl. Wird iianilirli dir Aktivilat dos IViipa- 
raU's mil drni Ajra ril iffusionslosl <rrnu'sson, wird dann dio 'iOfaclir .XFrnjro der lio- 
slinnutrn Aktiviliit von Cobalam ininonokarhonsamv /.iijxrjrrhrn nnd wird dir 
Misrlilosunjr auf cino andciv AjrarplaUc (5) aiifj^rlrajroiK so MIden sirh. wenn rs 
sirh urn rrinrs Vilamin handell. liomofrrnr Wurhs/tinrn ans. lis Irrlrn abor. 
wrnn hr I riirh llirhc Alrniren von Faklon^ii liri^rjnisrhl sind, Hin<:phanomonr anf. 
Dirsrs Auftrrtrn drr ]Un*:r liewrisl. da« Faklorrn in) l>raparal. vorhandcMi sind. 

Nar]» Urn LiierahiranKJil:rii soil drr Faklor 111 tlicsclhr l)iolo{,^isrho Wirkun^' 
hosilzon wio N'ilaniin Mio. Auu hahon <lir <dn;;rn Versnrh*' einrn, wtM»n an< li iiirhl 
hrdrulrndrn UnUn-.srhird zwisrhrn drni bioh>j;isrhrn VrrlialUMi dor zwei Snb- 
slanzon auf^'odookl: sio ben(dunen sirh iin Ajrardifrusionstosl mil H. roll IL'V.'t 
nirhl idoiitisrh, drr l^»klor 111 wird namlirh srhwiirlior tlurrh dir Baktorion *:r- 
Imndon. J"Is biriht die FVa^'O offon. oh J'aklor Hi aiirh dnrrh dio inenschlirhen 
/ollen odor Srninioiwrilto srliwiirlior jrrbtindon wird als Cyaiiooidialamin. 



;: Zusanuncnfassung 

J. Ts wnrdo fosi;^oslolh. dalj dio (!ohalaniinnioiH>rarbonsaiiro oia AiUat^onisI 
■ . nirhl nor des Vilaniins Hjo. sondrrn aiirh dos Col>inanti<ls nnd dos l-'aklors 111 isl. 
Sir hornml vollslandijr don anf E, roli 113-3 ans-ronbton Wurhsrffekt dirsor Vil- 
amin l^.^-Analo-ron in 'd) his riilfarlior Konzcu I r;» I i(n». 



Material may be protected by copyright law (Title 17, U.S. Code) 



2, Drr :ml:ip»nislisrli(> l'AU*k\ zwri vcrsrliirdriu; Imh-imcii iiii .\-;,,|,.^,. 

;i) iM'iim N'iiamiii |{,._, koimiil t\vv jinl;ij;oiiisrisrlir lifU^kl liurdi Aw 
Wm-liszonr T.-isI jrlrirliiaiilii;; znni Aiisilnirk. ""Vt-. 

I»; (io-en Cobinainid nnt) Kaklor III wiikond. or/cujri ^lir. Cnlialaiui,,,,,,,,,/. ' 
rjirlMMtsiiiiiv oinr llcmrnzonr ini Zcnlrmn »lrr \Viirli>;zoiu;, DtVst' lo|/.ii.(v 
(IjmIiiitIi rinjrforiiiij:. * 

:i. Winl (:yjiiioi;()l>Mliui»in, oiii Coljalniuiii-Aiialt)*: vom Tvp 1>) iiriil Cul,;,!;,,,,,^ 
ii»oiH»r.-»rl>ons;iuiv in ^^(MjrjuMeil Koiiznil nMionsvn iiall iiissiMi aiif (Im> A-at tl;,|J 
atif-rliajrcn (dio j;(MM.r,„.|ni \Vr)»;ill nissc kouiion clnn-li oiiio N'tMulnriniMiu'Mvihl 
orlialirn \v('I(1(m»), darin hiMcl sic h oin I IcimuWnjr zwisduMi zuri Wnrl.szoiir^, 
*Ias liriltl. mil llilfo ilrr Coliaiaiuiinnniiora rlMHisauro kotinon tlir Kaklmva ,|,., 
Tv|>s U) voin Vilaan'n It,., rcan L uthIim). Dieses Tivnaimirsvrrrahren kaiui J ^ 
<la (vs sich aiii eiar srieklive Miadtmj^ an IoImmuU; l3aklrnVii Jiandoll II j |, p,,.: 
in a I o - l a |i li i r jr^'nannl wenlcn. Diesi?s N'erfahivn ist tmloi' I nislandr,, ' 
rijriu't. (li«- AawosoiihriL von ;>:ruissrii F:.klotrn nehrn Vitamin li,2 scluu;!! mm. I ri„. 
fnrli reslznslelleM. 

V Ks uurde jf(v.ri-t. ,lati Vitamin M,.^ nnd Faklor 111 .irii liinsiclilli.;!, 

Anl;i^M»iiisnM>n tre^'rn Coltalamia n(M:arl»ons:inr*' im A-:arl.esl nirlil ^rlrieh \ lm- 

I»;»Ilon. das ImmUi. h'aklor 111 isl in l»i.»lo-isrln>r llinsirlil. kein -anz yolhvi^v\h^o, 
Snl»s!ihtt fiir <!y;nnM'o|>alaniin. 



Summary 

1. It IS drnionsiralrd Hiat ( :obalaniinniono(.'a rhoxiiic acid is an autaL'iMii<t 
not only of \'ilamin H,o, i>nt also of Cohinamid and of fartor III. — It inhildu 
ronipliMrly I he jrrowlh proinolinj; effeia of iho inenlioned analo-aes of Vilaniin li,.> 
on Ihe strain /:. coll IJ3-:i in (iO-fold or higher eoneenlialions. 

2. The aniajronistic effeel may have two different, forms of manifrsl;i I i..,, 
when tested on the ajrar-j>la te ; 

a) In the ease of Vilan, in H,^ the ;in tajronistie effect is expressed hv :im .uii- 
fornu* fa in tncss of the zone an<l i)y indefinile ed<res. 

1») In the case of Cohinaniid and Kaclor Mi, Cohalaminr-inonocji rhoNili,- ;,, id 
produees a zojie of inhihilion in the eenlcr of tite zone of j?ro\\lli. So this hitler 
;:ets the forn» of a ring. 

:i When appliyin;; on ihe airnr plate prepared for tlie test of Vitamin li,., 
a nitxture of Cyanocohalamin, Colialaminmonocarhoxilie acid and a factor tvpc h'i 
in adeipiate cineen t rat i(»ns (these eoneenti'atioiis may he ohiained hv a series of 
dilutions), (me ^ets a linj: of inhihitiou holween t>vo zones of exhihiii.m. So. nsini: 
Cohalaminmoitorarhoxilie acid, it is possible to se|)arale the factors |y|>e h) from 
\itamin M,^. As this separation is due to the active an<l sohjetive absorption of 
the nienlionaled compoimds by livinn' bacteria, the name of M i o c h r o m a I o - 
l^raphy is propose<I for this method. — This ra)»id and sin»ple method is re- 
eonnnende.l for demonslralinH: the presence of vnriot.s factors beside Vitamin li, .. 

4. It is demonstrated that Vitamin H,^, and factor III iiave n(»t the verv 
same hiolo-ical effects, as formerly it has been believ<'d. .Xainelv there is ^noic 
differeoi-e between them eoneerninjr their anta«^onisni to Cobalamin-momMMr- 
boxilic a.id. So, factor Jll may not jte considered os an absohilelv efpiival.-nl 
substilule for * Aanocobalamio. 
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nisrisrltc |-;ff('kl (lurrli <lif ^r..,,,^^^ 

Mul. VV7J>\1\1\ ilic. Coltiil.-iininhmno. 
W'urlis/Dtic. Dicsc lol/.lcrc ^vir(( 

iilojr voin 'l\p bj 1111(1 rc)!tnl;iiiii,|, 
\(M*li;illi)iss»rn niiF die A;:;ir|tl;(| jp 
.'U (Iiin-h 4'iMr \ rnl i'lini HMj;siri|„» 
; zwisolteu y.wv't W ucIis/omch :hk. 
is.'iiMT koiiiicii (III* I'.iklrtrcri 
uses 'rn'imiiM*;s\ rrf.iltroM k:iiui 
JakUM'iori ]»;ui<l(*lt - - \\ \ o <• || y . 
rfjiln'iMi isl. iinlcr rmslMntlrn ^r,.. 
cImmi \ itamiii h,2 sdnicll iiml i-li,. 

Ktikhn- III sirh liiiisiolillii.li ilnvr 
in) .\*r;irl.rsf iiirhl •rioicli vrr- 
IliilsirliL krit) *^;u\y. v«)ll\vcrlii:i.s 




I 'Imt tirn <!li;tr:iklt'r ties A iil:i<'<Hi(sriMrs ilrr < !4>)>:ilaininii)tMi(M'iirlK>iis:iiii'f 
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rarltoxilii- arnl is an aMl:iL'»nii>l 
Jind of farlor III. |i inliilMts 

lUioiUHl analoirm.s of N'ilnmin |;(.> 
<oiir<.'nl.ialioi»s, 

(iiffrrfnt roinis of lUjiMifcsl a I i<n» 



tic orf(M:l is r\))!V.ssr(| Ity an itrii- 
(IjLres. 

(.o|»al;niiiiH»-MH>i»ocarlK)Nilir ari<| 
<» ZOiK of jLHowlli. So this lalh.T 

red for llii' Uvst of N'ilaniin li,., 
'l)oxilir arid and a fat; I or Im 

may ohlaiiied l>y a srrii's •►f 
vo zoiios f>f exiiihitioii. So. iisiiii: 
:^paralo the farl.ors lypo ]>) from 
nivo and sek'clivo ahsorphuri of 
10 oaoio of ii i o r h r o Ol a I o - 

rajjid and simple iiiotliod is re- 
•ioiis facLors luisiilo \'ilantin B|.j. 
I far I or III \v.i\u\ iioL 1 ho vrrv 
hidioMMl. .Vaimdy LIumo is soini- 
;rf>nisni lo (io|)alainio-rnoncM:a r- 
rod as ao ahsoJuloly oqiii valm I 
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SOME DATA ON SUBSTRATE SPECIFICITY. INHIBITORS AND KINETICS 
OF DEAMIDASE AG (ASPARAGINASE-GLUTAMINASE) FROM PSEUDOMONXS 

FLUORESCENS AG 

A^. A, Kovalenko, T. A. Tsvetkova, A. Ya. Nikolaev 

Chair of Biochemislry, I. M. Sechenov Medical School Laboratory of Enzymologv. Academv 
of Medical Sciences of the USSR, Moscow ' 

Deamidase AG (asparaginase-giutaminase) from Pseudomonas fluorescens AG was shown 
to hydrolyze 1-glutamine and l-asparagine highly effectively. Besides, the enzyme exhibited 
hIna L^'l^/^.^^ ?^ D-asparagine and D-glutamine (70% and 100%, respec- 

ively), Na-butyl asparagine (63%) and among peptides - of glycyl-L-asparagine (4oVo) 
L-g utamic acid 7-methyl ester was hydrolyzed only slightly (5%). Effect of several substrate 
analogues on the deamidase AG activity was studied as well. Albiciine (a-amino-6-ureide propio- 
nic acid) proved to be the strongest inhibitor (100%). p-Methyl aspartic acid. S-carbamoyl 
cysteine, a-ketoglutaric acid showed the slight inhibitory effect (20%). Amount of active 
centres per enzyme molecule was estimated by meansofi*C- albiciine. Deamidase AG had ap- 
parently only one active centre. In estimation of relationship between the rate of reaction and 

wnflf J reaction was f^und to follow Michael is-Men ten 

kinetics, Km = 4.5- 10-* M. 
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//, 77. PydoKoea, £. TauKoea, A, M, lOpKcewi 

BJ1H5IHHE METHJIKOBAJIAMHHA M ^TOPAJIKHJIKOBAJIAMHHOB 
HA POCT KJIETOK E. COLl 113/3 H nEPBHMHyiO 
KVJlbTyPy SMBPHOHAJlbHblX OHBPOBJIACTOB HEJIOBEKA 

OHKO^iorHqecKHii Hay^iHUH ucHxp AMH CCCP, BcecoiosHbiH Haytmo-HccnejioBaTCyibCKHfl BHia- 

MHHHuA HHCTHTyr, MocKsa 

MccJiedoeano eAumue MemuAKo6cuiaMUHa u eeo cmpyKmypnoeo anoAoaa na poem nepemnou 
KyAbmypu SMOpuoHOAbHou mKanu HeAoeem. CpaeHumeAbHuu qhoaus 0yHK^uoHaAbHou ojcmueHO- 
cmu HCKomopbiX (pmopaAKUAKodoAaMUHoe npedeapumeAbno ocyw^cmeAen na ayKcompoAHOM 
noeumoMuny B^u MemuoHuny uimaMMe E. coli 113/3, Mu(pmopxAopMemuAKo6ajtaMUH (CFXl- 
Cbi) OKoaueaA HaudoAttuee uHzudupyiowfie deucmeue na poem daKmepuQAbnttx KJtemoK e cpede c jue- 
muAKoCoAOMUHOM. BAUHHue MemuAKodoAQMUHa u ducpmopxAopMemuAKodaAQMUHa HQ npoAU(be' 
pamuBHyto OKmuenocmb SMdpuoHOAbHbix (pudpodAocmoe neAoeem usyneno e cpedax pasnoeo cocma- 
ea. npoAUipepamuenan OKmuenocmb (puCpoCAacmoe e pasnue cpom KyAbmmupoeoHusi cyuiecmaeH- 
HO eoapacmoAa e cpede c MemuAKoOoAaMUHOM: yeeAUHueoAucb doAR MeneHHUX ^H-muMuduHOM 
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yaneupeay M. 0. PaytueH6ax, 
a. A, M. JOpKBGUH 

TOPAJIKMJIKOBAJIAMHHOB 

13/3 H nepBHHHyio 

^^BPOBJIACTOB HEJIOBEKA 

3HHft HayMHO-HccjieflOBarejibCKHH BHia- 
ocKsa 

yyKmypHoao anoAoea na poem nepauHHoO. 
bHud anoAua (pynKi^uoHaAbHoii oKmueno- 
*AbHO ocywficmeAeH na ayfccompcxpHOM 
Mu(pmopxAopMemuAKo6aAaMUH (CF^Cl- 
ocm 6aKmepuaAbHbix KAemoK e cpede c mb- 
nopxAopMemuAKOdaAOMUHa na npoAU(pe- 
eAtmm usyneHO e cpedax pasnoao cocma- 
Hue cpOKu KyAbmueupoeanuji cyu^ecmeH- 

UBOAUCb dOAH MCHeHHUX ^H-mUMUdUHOM 



KAemoK u MumomuHecKuu undetcc. MocmoeepHoe CHuoiceHue hucau KAemoK, cunmeaupytomux MHK, 
u tlx MumomuHecKou oxmueHOcmu omMeHeno e cpede c ducpmopxAopMemuAKOdoAOMUHOM, PeayAb^ 
mamu uccAedoeanuCt na CaKmepucutbHux tuemKOX u nepeuHHou KyAt>mype snOpuoHaAbHUx tpu6po- 
dAQcmoe HeAoeem noaeoAjitom oxapaKmepuaoeamb eAunnue dufprnopxAopMemuAKodaAOMUHa na 
npoi^eccu KAemoHHOu npOAu<pepat^uu kqk aHmaeoHucma MemuAKodoAOMUHa, 

B HauiHx npeAbi;iymHX HccjieAOBaHHHX noKaaaHO, hto BBeACHHe b opra- 
HM3M 3AopoBbix jKHBOTHbix MCTHJiKoSajiaMHHa CTHMyjiHpyer npo;iH(J)epaTHB- 

HyK) aKTHBHOCTb KJICTOK KpOBCTBOpHOfl TKaHH U 1. yBenHMCHHe qHCJia KJIC- 
TOK, CHHTeaHpyiOlUMX JlHKt H BOapaCTaHHe HX MHTOXHHeCKOH aKTHBHOCTH MOHC- 
HO, nO-BHAHMOMy, oS-bHCHHTb HHAyuHpyioiuHM AefiCTBHeM K06aJiaMHH0B Ha 
MeTHJITpaHCCj)epa3HyK) CHCrCMy B opraHHSMC >KHBOTHhIX. HSBeCTHO, MTO KOHT- 
pOJIb BSaHMOAeHCTBHH COeAHHCHKH (fWilHCBOH KHCJIOTM H K06a;iaMHHOB, OnpC- 

AejiflioiUHX HHTCHCHBHOCTb KJieioRHOH npo;iH(J)epauHH, OCymeCTB/lHeTCfl c 
noMombK) TaKOH <})epMeHTaTHBHoft peaKUHH B npouecce SHocHHtesa MerHOHHHa 
12—5]. SKcnepHMCHTaJibKbie HCCJieAOsaHHH noATsepwiaiOT SHaHHTeJibHoe yse- 

JIH^eHHe aKTHBHOCTH K06aJiaMHH3aBHCHMOfi N^-MeTHJl-TrOK-rOMOUHCieHH-Me- 

THJiTpanccJjepasbi (EC 2.1.1.13) b HopMajibHHx K;ieTKax MJieKonHiaiciUHX h 
onyxojieBbix KJierKax MejioBCKa (HeLa, HEp-2), KyjibTHBHpyeMUx b cpcAe, 
jiHUiCHHOH MeTHOHHHa> HO coAepHcaiuefi roMOUHcreHH H uHano- hjih OKCHKodajia- 

MHH [6, 7]. OAHaKO HOpMaJIbHbie KJICTKH BSpOCAWX >KHBOTHbIX, a TaK>Ke 3M- 

6pH0HaJibHbie H onyxojieBue kjictkh pa3JiHHHbi no cBoew cnoco6HOCTH pacTH 
B cpeAe B OTcyTCTBHe MCTHOHHHa H o6pa30BbiBaTb aKTHBHbiH xojio4)epMeHT npH 
cy6onTHMa;ibHOH KOHueHipauHH BHTaMHHa B,o (8 — 101. floaroMy oueHKa 
())yHKUH0HajibH0H pojiH MeiHJiKodajiaMHHa — K0(})epMeHTa MerHOHHHCHHTeras- 
HOH peaKUHH — B npouecce pocia kjictok pasjiH^HUx TKaneH aacjiyjKHBaer 

OCCSorO BHHMaHHH. 

B HacTOHmeM coofiiueHHH npeACTaB;ieHbi pe3yjibTaTbi HaujHX HccjieAOBa- 

HHfl BJ1H5IHH5I MeTHJlKOfiajiaMHHa H HeKOTOpHX CFO CTpyKTypHUX aHa/lOFOB — 

4yropajiKH.iKo6a;iaMHHOB — na pocr fiaKTepnajibHUX K^ieroK h nepBHqnoH 
Ky.ibTypw 3M6pHOHa;ibHbix (})H6po6.aacTOB Me^noBCKa. 

MeTO AH K a 

MeTHjiKo6ajiaMHH h (})Topa.nKH;iKo6aJiaMHHhi 6bj;iH no;iyMeHbi no HasecTHOMy MeroAy [111, 
MOAH$HUHpoBaHHOMy B pasiicjic BUAeJieHHH [121. CpaBHHxeJibHufl aHajiH3 (J)yHKnHOHa;ibHofi aK- 
THBiiocTH 4yropa.nKHJiKo6a;iaMHHOB Ghji ocymecTBJieH na ayKcoTpo(J)HOM uiraMMe no BHiaMHiiy 
B]2 H MeTHOHHHy E. coli 113/3 [I3J. CocTao cpeAw h oco6eHHOCTH Ky;ibTHBHpoBaHHM 6aKTe- 
pHajibHoro mraMMa H3Jio«eHbi e MiiKpofHOJiorHHecKOM Merone onpeAe^ieHHa BHTaMHHa Bja b 
TKaHHx [14]. HaMH HcnuTaHo s AanHofi chctcmc 4 coe;iHHeHH«: AH4""opMeTHv7Ko6a;iaMHH 
(CFjH-Cbl), AH4)TopxjTopMeTH;iKo6ajiaMHH (CFaCl-Cbl). TpH(})TOpMeTH/iKo6aJiaMHH (CFa-Cbl) 
H nep(JrropnponH.riKo6a.naMHH (CspT-Cbl) ^ B;iHHHHe Ka>KAoro coeAHHCHHH na pocT cyTOMHoii 
KyjibTypu E. coli 113/3 (125 — 150 tuc. mhkpoChux re.i na 1 mji cpeAu) b npHcyrcTBHH okch- 
H.fiH MeTH;iKo6aJiaMHHa oueiiHBaJiH noc;ie 24 m HHKy6auHH npn 37* no HSMeneHHio onrHMecKofl 
n;ioTHocTH cpeAu. HaH6o;iee aKTHBHoe coeAHneHHe (CFgCl— Cbl) 6bj;io HccFieAoaano jiaJiet e 
nepBHMHOH Ky;ibType 3M6pHOHa;ibHoft xKaHH He-ioseKa. C 3tom ue^nbio Hcno;ib30BaHbi 9M6pHo- 
HajibHue (^HepoCjiacTfai Me;i0BeKa, KyjibTHBHpyeMue no H3BecTHofl MeroAHKe [16], Bupociuyjo 
B BHAe MOHocnofl KyjibTypy bo ^J-fiaKonax KapeJiJia iia 4-e cvtkh nepeceaajiH b KO-iHHecTBe 150— 
200 Tuc. K.ieTOK Ha 1 MJi B ncHHriHJiJiHHOBbie cocyAU c noKpoBHUMH cTCKjiaMH (2 m;i). B pa3JIHM- 
Hbix cepHJix onuTOB Hcno;ib30BajiH ;ih6o cpcAy 199, ;ih6o MHHHMajibHyio cpeAy Hma (dea Me- 
THOHHHa H (})o;iHeBOH KHcJiOTbt, coAepjKaiueH OJ mM DL-roMouHcTCHHa) c Ao6aB;ieHHeM 10% 

■ 6bmbeft cuBopoTKH. Hcc;ieAyeMue coeAHnenHJi bhochjih oahobpcmchho c noceBOM Kyjibrypw b 
neHHUH;iJiHHOBhie ({jJiaKOHU. PacTBOpu Ko6a.aaMHHOB b KawAOM onbire npHroTOBJisJiH nenocpeA- 
CTBCHHO nepeA BHeceHHew b cpeAy b KoneMHofl KOHueHrpauHH (2,5— 5,0)' 10-« M (MeTH;iKo6a- 
jiaMHHa) H 2,5—15.0-10-* M (AH(l)TopxjiopMeTHjiKo6a.'iaMHHa — CFjCI— Cbl) c coC^AeHHcM 
yc/ioBHH, npenfiTCTByiomHX paapymaiomeMy AeflcTBHio cBCxa, b xeHeHHe ecero nepHOAa Ky;ibTH- 
BHpoBaHHji. OueHKy pocTa nepBHWHoft KyjibTypu 3M6pH0Ha.ibHMX ({)H6po6JiacTOB Me-iOBeKa a 

■ cpeAax paanoro cocraaa npOBOAHJiH no MHCJiy K.neTOK, CHHxeaHpyiomHX RHK, » no hx mhto- 

■ THMecKoft aKTHBHOCTH. B Kyjibiypfai, npeAHaaHaHCHHwe a;ih aBTopaAHorpa(})HMecKoro anajiHsa, 

AO (j)HKCaUHH BHOCHJIH MeMCHblfl ^pf-THMHAHH (yACAbHafl aKTHBHOCTb 11,9 KH/MM0.Hb) B KOH- 

ueHTpauHH 0,5 mkKh/m;i na 1—4 h. HpH KyjibTHSHposanHH kjictok b MHHHMajibHoii cpeAe 



^ HoMeHK.Taiypa cceAHHCHHii Aana b cooTBeTCTBHH c peKOMeHAauKefl komhcchh no 6hc- 

XHMHMeCKOH HOMCHK.iaType [15]. 
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Hrjia npHMeHH^iH nocroaHHyjo MexKy ^H-thmhahhom (0,1 mrKh/mji) b rewcHHe 25, 4S, 60 h 
72 ^. 4)HKcauHK) loieroK, pacryinHX Ha noKpoBHUx creicjiax, ocymecTB;iH;iH s cmcch cnHpr — 
yKcycHaa khcjiotb (3:1) b ochobhom »iepe3 24, 48 h 72 a e HCKOToptix cJiywanx — nepea 64^ 
69 H 144 4 pocra Ky;ibTyphi, npenaparbi nojiaeprajiH craHflapTHOH aBTopaflHorpa(J>HHecKOH o6pa' 
6oTKe c HcnoJibSOBaHHcM sMyjibcHH M (17). Ha aerorpaMMax, OKpauieHHbix aayp II-303Hhom no 
PoMaHOBCK0^4y, onpefle;iH;iH hhackc mctkh (MM) h MHTOTHHecKHii hhackc (MH) npH noACMeie 
He Mciiee 3000 loieTOK. Ha kbtkhhH cpoK HocjiejxoBamH aHa;iH3HpoBa;iH 3 — 4 iipenapara . Pe- 
ayjibiaTU HccJieAoaaHHfi o6pa6oTaHU craTHCTHHccKHM mctoaom c oueHKoft aoctobcphocth no 
KpHTepHK) / CrbjoAeHTa. 

PeayjibTaTH h o6cy>KAeHHe 

EAHHCTBeHHUM C006lUeHHeM OTHOCHTeabHO 6H0JI0rHqeCK0fi aKTHBHOCTH 

^JTopajiKHJiKoeajiaMHHOB HBJiflKyrcH HCCjieAOBaHHfl Byjia. HcoasT., noKaaas- 

UlHe, HTO HCKOTOpue (J)T0pnpOH3B0AHhie MCTHJIKoSaJiaMMHa (CF^CH-. 

CFgCl — Cbl) Moryx HHrH6HpoBaTb (})epMeHTaTHBHoe o6pa30BaHHe McraHa 6ec- 
K.aeTOHHbiMH 3KCTpaKTaMH MeiaHoreHHUx fiaKxepHH 111 ]. B HauiHX ycjiosHjix 

HCCJie;iyeMbie (IrropaJiKHJiKoSajiaMHHbi o6Ha- 
py>KHBa;iH paajiHMHyio 4>yHKUHOHaJibHyio an- 
THBHOCTb B cpcAC, coAep>Kameft okch- h;ih 

MeTHJIK06a;iaMHHbI. HHieHCHBHOCTb pocTa cy- 

TOMHOH Kyjibiypu E. coli 113/3, hto xapan- 
repHO AJifl jiaHHoro luxaMMa, Boapacrajia c 
yBejiH^eHHCM coflep^anHH b cpeAe okch- hjih 
MeiHJiKofiajiaMHHa or 0,5 ao 2.0- 10-* M. 
TpHtjrropMexHJiKoSajiaMHH (CF3 — Cbl) h nep- 
cJrropnponHJiKoSajiaMHH (C3F7 — Cbl) b koh- 
ucHTpauHH (6 — 10)'10~^M He uojyaBJisijiH 
pocra KjieroK aroro luxaMMa b npHcyxcTBHH 
MexHjiKo6a;iaMHHa b cpe^e. Pocr Kyjibxypbi 
6bi;i oTMeMCH xaK>Ke b KOHxpojibHUx npo6ax. 
B KOTopux cpe;ia co^epJKajia Ka>KUbiH h3 
yKaaaHHUX aHajioroB b oxcyxcxBHe MexHJi- 
Ko6ajiaMHHa. /iH^n'opxjiop- h AH(}rropMexHJi- 
Ko6ajiaMHHbi Bb!3biBa;iH xopMOJKCHHe pocra 
KJiexoK E. coli 113/3 b cpe^e, cojiep>KameH 
MeTH;iKo6a;iaMHH. HaHfiojibuiee HHrH6Hpyio- 
mee BJiHHHHe ofinapyjKHBaj-i *;iH(}yropxjiopMe- 
rHJiKoSajiaMHH. FIpH KOHueHrpaunH b cpe^e 
(2 — 2,5)* 10~^ M CF2CI — Cbl H onrHMajibHOH 
KOHueHTpauHH MeTHjiKo6ajiaMHHa (2 — 2,5) X 
X 10~* M K 24 q HHKy6anHH oTMena/iocb 
nojiHoe orcyrcxBHe pocra Kyjibrypu. Koh- 
ueHTpauHH CF2CI— Cbl Menee 1,0 X 10"^ M 
He Bbi3biBajia HSMeHeHHfl craH;iapxHoro pocra 
KJiexoK (pHC. 1). B npHcyrcrBHH 1,0-10-^ M 
CF2CI— Cbl HHTeHCHBHOCXb pocxa Kyjibxypbi onpe;iej!HJiacb b saBHCHMOCXH or 
coAep^KaHHH MeTHJiKo6ajiaMHHa b cpeae. OpH ero MHHHMajibHoft KOHueHrpauHH 
B cpe^e Ha6jiFo;iaJiocb HCKoropoe aaMe^^eHHe pocra KJieroK, oAHaKO npn yoe- 
Jimema KOHucHrpauHH MexHJiKo6a.raMHHa jip 2,0Xl0-*M npncyrcrBHe 
1,0-10-^ M AH(J)TopxjiopMeTHJiKo6ajiaMHHa npaKTHMecKH y^e ne bjihhjio Ha 
pocr Ky;ibTypbi (cm. pwc. 1). 

AHa;iH3 AaHHbix, noJiyqenHbrx Ha cneuna^ibHOM 6aKrepHaJibHOM luxaMMe , 
c Ko6ajiaMHH3aBHCHM0H MexHJiTpaHC(J)epa30H, b conocxaBJiCHHH c pe3y;ibraxaMH 
panee npoBe^eKHbix HCCJieAOBaHHfl [II] nosBOJiaer oS^HCHHTb HaH6ojiee s^- 
4)eKTHBHoe HHrHCnpyiomee AeflcTBHe AH4>ropxjiopMerH;iKo6a;iaMHHa 6o;ibiueft 
ycTOHHHBocxbfo Co— C-CBfl3H B MOJiCKyjic 3X0X0 anajiora. OxcyxcxBHe ropMO- 
>KeHHJi pocra Kyjibrypu npH BOSAeHCrBHH rpHcJrropMerHJiKoeajiaMHHa h nep- 
(}yropnponHJiKo6ajiaMHHa, no-BHAHMOMy, aaBHCHX ox 6ojibUjeH jia6HJibH0crH 
Ko6ajibr-yMepoAHOH cbh3h, Koppe;iHpyFomeH c sjieKrpoorpHuarejibHocrbK) 
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Phc. 1. PocT E. coli U3/3 b coJiCBoii 
cpcAe npH paajiHijHOH KOHucHTpauHH 
AHct)TOp x;iopMeTH;i Ko6a;iaMHHa . 

nOOCHaCcUHCC — KOHUCHTpaUHH MeTHJl- 

Ko6aJiaMHiia b cpeAe (0.5— 2.0)- 10~» M; 
no ocH opAHtiaT — onTHqccKan n;i0TM0CTb 

CpCAU (b %). 
/ — CTaHAapTiiuA pocT k-ictok AaHitoro 
uiTaMMa B cojienoA cpeAe c MCTHjiKo6ajia- 
mhhom; 2 — 4 ~~ 10 me. c Boapacraioiueft 
KOHueHTpauHefl AH4)Topx/topKeTH;iKo6a- 
JiaMHHa: 2 — 0,25—0,5—0,75 — 1,0.10"* 
M, 5 — 1.0— 2.0— 3.0— 4,0.10— « M. 
4 — 2.5-5,0-7.5-10.0. 10-» M. 
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0. 1 mkKh/mji) b TeqeHHe 25, 48, 60 h 
:KJiax, ocymecTBJiH/iH b cmcch cnHpT — 

1, a B HeKOTopbix cayiaHX — nepea 64, 
iHAapTHoft aBTopaflHorpa(t)H4ecKOH oOpa- 
MMax. oKpaiueHHbix aayp 11-303hhom no 
roTHqecKHH HHjieKc (MH) npH noAcMeie 
fl aHa.iH3HpoBa.iH 3—4 npenapara. Pe- 
eioioM c oueHKofl AocroBepnocTH no 



cy>K;ieHHe 

bHO fiHOJioraqecKofi aKXHBHOCTK 
saHHH ByAa h coaBT.. noKaaaB- 
MCT H Ji Ko6a Jl aMH Ha (CF:tCH - , 
:HBHoe ofipaaoBaHHe Meraaa 6ec- 
repHH [111. B HaiuHX ycjioBHjix 
le (|)TopaJiKHJiKo6ajiaMHHbJ o6Ha- 
pasjiHMHyK) 4)yHKUH0Ha;ibHyK) aK- 
i cpe^e, coAep>KaiueH okch- h;ih 
laMHHbi. HHTeHCHBHOCTb pocxa cy- 
bTypM E. coli 113/3. hto xapaK- 

iiaHHoro iuTaMMa» Bospacrajia c 
:m coAepJKaHHH B cpe^e okch- hjih 
laMHHa or 0,5 ao 2.0.10-^M. 
THJiKo6a;iaMHH (CF3— Cbl) h nep- 
nK06aJiaMHH (C3F7— Cbl) b koh- 

(6—10) • 10"^ M He noAaBJiHJiH 
OK 3Toro uiraMMa b npHcyicTBHw 
laMHHa B cpeAe. Poct Kyjibryphi 
;h TaKHce b KOHTpojibHbix npo6ax, 

cpeAa coAep^ajia Ka>KAbiH h3 

aHa,noroB b oTcyrcTBHe Memi- 
a. Awtjrropxjiop- h AM^^'opweTHJi- 
bi Bbi3biBajiH TopMOJKeHue pocra 
coli 113/3 b cpeAe. coAepjKaiueu 
laMMH. HaH6ojibuiee HHrH6HpyK)- 
:He o6Hapy>KHBaji <AH4>'''opX'^op^*^" 

ripH KOHUeHTpaUHH B CpCAC 

M CF2CI— Cbl H onTHMaAbHou 
IHH MeTHJiKo6aJiaMHHa (2— 2,5)'X 

K 24 M HHKy6aUHH OTMCMajlOCb 

:yTCTBHe pocxa KyAbxypu. 
CF2CI— Cbl MCHee 1.0 X 10"' M 
la HSMeiieHHJ! craHAapTHoro pocia 
c. 1). B npHcyTCTBHH 1,0' 10-* M 
I onpeAeJiJiAacb b saBHCHMOCTH ox 

A ero MHHHMaAbHOH KOHUeHXpaUHH 

! pocxa KJiexoK, OAnaKO iipH yBC- 
Ao 2.0X10-' M npHcyxcxBHe 
npaKXH^ecKH y>Ke He bahhjio Ha 

.HaAbHOM 6aKxepHaAbH0M mxaMMC 
B conocxaBJieHHH c pesyAbxaxaMH 
3B0Jiflex oC-bHCHHXb HaH6ojiee 3(J)j 
>pxAopMexHAKo6ajiaMHHa 6oAbiueH 
roro anaAora. OxcyxcxBHe xopMO- 
xpH(}yropMexHAKo6aAaMHHa h nep- 

BHCHX ox 60AbQjeH AaSnAbHOCXH 

;eH c 3AeKxpooxpHuaxe*abHOCXbK) 



If 



BepxHero aKCHaAbHoro AHranAa. B HauiHX AaAbneHiuHX HCCAeAOBaHHHx b 

CBH3H C 3XHM Mbl HCnOJlbSOBaAH AHCj)XOpXJlOpMeXHAKo6aAaMHH. CnoCo6HUH 

HHrH6HpoBaxb B 6aKxepHaAbHbix KAexKax He xojibKo MexaHOoCpasoBaHHe [11 1. 
HO H aKXHBHOCxb Ko6aAaMHH3aBHCHMOM MexMAxpaHC(J)epa3bi B npouecce 6ho- 
CHHxeaa MexHOHHHa. 

CpaBHHxejibHoe HayMeane npojiH(})epauHH nepBHMHOH KyAbxypu 3M6pHo- 
HaAbHwx (J)H6po6AacxoB MeAosexa HenocpeAcxBCHHO nocjie noceBa na cpeAU 
pasHoro cocxaBa no3BOAHAO oueHHXb bjihhhhc Ko6ajiaMHH0B y>Ke b paHHHH 

nepHOA aAanxaUHH KACXOK K HOSblM yCAOBHHM KyAbXHBHpOBaHMH. 

T a 6;i H u a I 

UsMeHeHHe HHCna kjictok, CHHTesHpyioiUHX JXHKt nepsHMHOH KyjibTypu 3M6pH0HajibHbix 
4>H6po6jiacTOB M&noBeKa b cpcAe 199. coAepxcaiueH Ko6a;iaMHHi)i 



AoGaBJieHHe k ocHOBHOf) 
cpcAe 


KOHUCHTpaUHH 

Ko6a;iauHHOB. 
Mo;ib 


BoapacT Kyjib- 

Typbl K MO- 
MCHTy ^HKca- 
UHH, g 


Hhackc Me«- 
Hbix KJieroK. 
% 


OTHOiiieKiie jiHAeKca 

MeTKH B OnUTHOfl H 
KOHTpOJlbHOfl Ky^b- 

Typax 






48 


I8.5=i:0.4 




CpeAa 199 (KOHTpaib) 




72 


16.6=!=0.4 




2.5-10-6 


48 


28.3^0,9 


1.4 






72 


20.6^0.8 


1,2 


MeTHJiKo6a;iaMHH 


5.0.10-« 


48 


25. lit 1,2 


1.2 






72 


16.8:£:0.5 


1,0 




2,5.10-3 


48 


17.5:2=0.9 


1.0 






72 


12.3^0.8 


0,77 


CFaCl-Cbl 


5.0.10-3 


48 


15,2=t0.7 


0,88 




72 


12,4:1:0.9 


0.75 



npHMenaHHe. ITpHBeAeHu cpeAHHe Be.iHMHHbi HHACKca Me^eHux K-ictok no pe- 
syjibxaxaM 3 — 4 onuTOB; ypOBeHb 3HaMHM0CTH paBJiHHHH P<0,01. 

AHaAHs npojiH4)epaxHBHOH aKXHBHOCXH 4)H6po6AacxoB B cpeAC 199, co- 
Aep^amcH MexHAKo6ajiaMHH. na 2 — 3-h cyxKH pocxa KyAbxypbi o6Hapy>KHA 
cymecxBCHHoe yBejinqeHHe MHCAa kjicxok. CHHxesHpyKnuHX AhK^ B cpcAC 
c MexHAKo6a.naMHHOM hhackc MeneHMbix *H-xhmhahhom kacxok no cpeAHHM 
peayAbxaxaM onbixoB npeBbiiija.a KOHxpoAb b 1,4 pasa k 48 u KyAbXHBHpoBaHH^ 
(xadn. 1). ripH HaH6o;iee onxHMaJibHofl KOHueHxpauHH 2.5'10~® M MexHAKo6a- 
jiaMHHa cymecxBeHHO 6o;ibuie kacxok (28,3 h 20,6%; P<C 0,001) oxMe^ajiocb 
k 48 H 72 q KyAbXHBupoBaHHH b (|)a3e CHHxeaa ilHK* C yBCAHqcHHeM b cpeAe 
KOHueHxpauHM MeTHJiKo6a;iaMHHa ao 5.0-10~^M hc Ha6jiK)Aa;iocb AaAbHeft- 
uiero BoapacxaHHH nHACKca Meqenbix kjicxok, CxHMyjiHpyromHM 3({x})eKx Me- 
xHAKo6aAaMHHa B MaKCHMa.ibH0H A03e nocxoHHHO 6biA uecKOAbKo Mcnee du- 
pajKCH, H K 72 q pocxa Kyjibxypbi mhcjio kjicxok, CHHxe3HpyK)mHX AHK. npan- 

XHMCCKH CHH>KaAOCb AO ypOBHfl KOHXpOAbHHX 06pa3U0B (16,8%). 

BejiHqHHa MHxoxHqecKoro HHACKca (J}H6po6AacxoB HcaHaMHxeAbHO K0vic6a- 

AaCb B OXACAbHblX OHblXaX, HO B CpCAHCM HHCAO ACAHIUHXCH KJICXOK B npOCJlC- 

^KCHHbie cpoKH OX 24 AO 144 H pocxa KyAbxypu ne npcBuiuaAO 22 %o. B cpeAe 
199 MHxoxHMCCKaH aKXHBHocxb 3M6pHOHaAbHbix (})H6po6AacxoB AOCXHraAa CBoe- 
ro MaKCHMajibHoro aaaqeaHH Ha 2-e cyxKH pocxa (10%o). nocxencHHo cHH>KaHCb 
nocAe 72 m KyAbXHBHpoBaHHH. B cpeAe 199, C0Aep>KameH MexHAKo6aAaMHH. 
MHxoxHqecKafl aKXHBHOCxb nepBHqHOH KyAbxypw SMgpHOHajibHbix (J)HCpo6Aa- 
cxoB qcjioBCKa 6biJia BuiLie. MaKCHMaAbHafl BCJiHqHHa MHxoxHqecKoro HHACKca 
B 3XHX ycAOBHflx (20 %o) 6biAa oxMcqena xaK>Ke k 48 q KyAbXHSHpoBanHH. FIpH 
3X0M MHxoxHqecKan aKXHBHOCxb (})H6po6AacxoB onpcACJiHAacb b npsMoA sa- 

BHCHMOCXH OX KOHUCHXpaUHH MCXHAKoGaJiaMMHa B CpCAC. MhCAO AGAfllAHXCH 

KAexoK jipn KOHueHxpauHM 2.5.10*® M 5,0. 10"^ M MexHAKo6aAaMHHa 6biAa 
cooxBCxcxBCHHO B 1,5 — 2 pasa Bbiiiie, qcM b KOHxpoAbHoft KyAbxype (pHc. 2). 
HaMH HCCACAOBaHO xaKJKe bjihhhhc AH(}>xopxAopMexHAKo6aAaMHHa Ha pocx 
nepBHMHOH KyAbxypbi 3M6pHOHaAbHbix 4>H6po6AacxoB HeAOBCKa B cpcAC 199. 
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B aTHX yc;iOBHHX KyjIbTHBHpOBaHHH 3HaHHTe;ibH0 MCHblUe Cj)H6po6jiaCTOB Ha- 

xoAHJiocb B ^se CHHTeaa JXHK Ha 2— 3-h cyxKH KyjibTHBHpoBaHHH, hcm b 
KOHTpo;ibHb!X Kyjibxypax H B cpe^e c MeTHJiKo6a;iaMHHOM. HaH6o;iee oiMerjiH- 
BwA 3(})(j)eKT CHH>KeHHfl qHCJia K^ieroK, cHHTe3HpyK)mHX jHHK, 6bi;i BbiHBJien 
B 48- H 72-qacoBOH Kyjibiype b cpeAe 199, coAep«<ameH 5,0-10-^ M CFgCl— Cbl 
(cm. Ta6ji. 1). npH yMCHbuieHHH ero KOHueHipauHH b cpe^e ao 2,5- 10-^ M ao* 
CTOBepHoe cHH>KeHne qHCJia kjictok, MeneHHbix ^H-thmhahhom, Ha6jiiOAaAocb 

K 72 H KyjlbTHBHpOBaHHJ!. 

MHTOTHHCCKafl aKTHBHOCTb {{)H6po6AaCTOB B CpCAC 199 C paSJlHMHOH KOH- 
UeHTpaUHCH CF2CI — Cbl CymeCTBCHHO He M3MeHHJiaCb. MHTOTHMeCKHH HHACKC 

KAeroK, BupaiuHBacMbix npH KOHUCHTpauHH 2,5- 10-^ M CF„C1— Cbl, k 48— 

% 

30- I 
20' I 
to - / 

■ ■-» ^ 1 i 1 ! 

10 20 30 40 so 60 70 SQy 
Phc. 3. HHHaMHKa BK;iioqeHHH 

*H-THMHAHHa B 9M6pHOHaJIbHbie 

(j)H6po(5;iacTbi MejiOBCKa a pasHue 

CpOKH Ky;ibTHBHpOBaHHH (MHHH- 

Ma^ibHafl cpe;ia Mrjia c 10% ne- 

AHa;iH3HpOBaHHOH CuMbeii CblBO- 
pOTKH). 

no ocH affcuHcc — Bpeufl HiiKyCauHti 
KjierOK c ^H-THMHjiMHOM H oospacr 
Ky^bTypbi nocjie cMCHbi cpcAw (b m); 
no OCH opAHHar — qHCJio ueueHtix 

KJICTOK (B %). 

72 q npaKTHMecKH ne OTAHMajicH or KOHxpoJifl. OAHaKO npH yBCJiHMeHHH koh- 
uCHTpauHH AH^^opxjiopMexHJiKofiajiaMHHa B cpcAc 199 AO 5,0-10~^M mhto- 
THHecKaH aKTHBHOCTb (j)H6po6jiacTOB Ha 2-e cyTKH pocra 6bi;ia hhjkc, mcm b 
KOHTpoJie, xoTfl BbiflB;ijieMoe paajiH^HC He fibiJio cymecxBeHHHM (9,0it2,03 h 
12,0±0,7%o cooTBCTCTBeHHO no cpcAHHM pesyjibTaTaM 7 onuTOB). 

yqHTbiBaa B03M0>KH0CTb cneuH4)HMecKoro achctehh AaHHoro coeAHneHHH 
KaK c{)yHKUHOHajibHoro aHTaroHHCTa MeTHJiKo6ajiaMHHa. b AajibHefluieM 'mh 
MCCJiCAOBajiH BJiHHHHe fiojicc BbicoKOH KOHueHTpauHH AH4)Topx;iopMeTHjiKo6aji- 
aMHHa Ha peer 3M6pHOHd;ibHbix 4)H6po6jiacTOB HejioBena b cpeAe Hrjia, AHuieii- 

HOft 4*0-^"^B0ft KHCJlOTbl H MeTHOHHHa. B HaiUHX yCJlOBHflX poCT KJICTOK 6Hn 
JIHMHTHpOBaH MHHHMaJlbHbJM COAep>KaHHeM MeTHOHHHa, (})0AHeBOH KHCJIOTfal 

(npeHMyiuecTBCHHO S-MeTHJi-TFOK) h Ko6ajiaMHHOB, Koropoe o6ecneMHBa;iocb 
Ao6aB;ieHHeM k cpeAe 10% HeAHaJiHsnpoBaHHOH dbmbCH cbiBopoxKH. FIpHcyTCT- 

BHe B CWBOpOTKe TpaHCK06a/iaMHHa 11 flSJIHTOCb TaK>Ke HCOSXOAHMHM 4)aKT0- 
POM AiHH nOCTynJICHHH K06aAaMHH0B B KJieTKH. 

XapaKxep npo;iH({)epauHH 3M6pHOHaAbHbix c|)H6po6AacTOB, BbipaiuHBae- 
Mbix Ha cpeAe HrAa, hmcji tc jkc o6mHe saKOHOMepnocTH, KOTopue 6biJiH bu- 
HBJieHbi ApyrHMH aBTopaMH npH HCCJieAOBauHH nepBHMHbix KyAbxyp 3M6pH0- 
HaJibHUx (})H6po&nacTOB MenoBeKa h muuih 118, 19). FIpHMepno uepes 20 m 
nocjie nepecCBa KyjibTypw Ha6jiK)AaJiocb nocrenenHoe yBeJinqeHHe hhtchchb- 
hocth npo;iH(J)epauHH K^qeroK, Koropoe AocTHraJio MaKCHMajibHoro SHaneHHfl 
Ha 2-e cyTKH. B nauinx onbiTax npH nocronHHofl HHKy6auHH kactok c ^H-th- 
MHAHHOM MHcjio Me^eHUX KACTOK Mepe3 6 M HOCJie nepeccBa Ky;ibTypu cocxaB^iH- 
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Phc. 2. BoapacraHHe MHTOTHqecKofl aKTHB- 
HOCTH 3M6pH0Ha;ibHbix 4)H6po6;iacTcB HeJIO- 
BCKa B cpeAe 199 c MeTMjiKo6a;iaMHHOM. 

no OCH a6CUHCC — CpOK Ky;ibTHBHP0BaHH5I (b q)** 

no OCH opAHHar— MHTOTHwecKHA HH^eKC (b •Zoo)- 
KaKAaH TOMKa npeAcraBJiHer cpeAHioio se/iHiiHHy 
peayjibTaroa 4 onbiros. CpeAa 199 c 10% CuHbeA 

CblBOpOTKH (KOHTpOilb j), C A06aB;ieHHCM MCTH^l- 

KodajiaMiiHa b KOHueHTpauMH 2.S.10~*M (2). 
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ibHo MCHbuie (})H6po6;iacTOB Ha- 

:yTKH KyjIbTHBHpOBaHHH, HCM B 

jfiajiaMHHOM. HaH6anee orqerJiH- 
mpyiomHx AHK, 6bi;i BUflBJieH 
pjKameH 5,0* 10-^ M CFaCl— Cbl 
aixHH B cpeji^e ro 2,5-10*'^ M ao- 
X ^H-THMHJIHHOM, Ha6;iioAaJiocb 

B cpe^e 199 c pasjimnovi koh- 

CHflJiaCb. MHTOTHMeCKHH HHAGKC 

1,5- 10-^ M CFXl— Cbl. K 48— 

% 

60 

30 
70 



J l_ 



_I I 



10 20 30 AO so 60 70 80^ 



Phc. 3. HHHaMHKa BKJIIOHeHHH 
^H-THMHAHHa B SMSpHOHaJIbHfaie 

(j)H6po6;iacTbi MeJioBCKa b pasHue 

CpOKH Ky;ibTHBHpOBaHHfl (mHHH- 

Ma;ibHaH cpe^a HrJia c 10% hc- 
AHa;iH3HpOBaHKoA GuMbeit cubo- 

pOTKH). 

no ocH aGcuiicc — BpeMH HHKyfiauHH 

KJICTOK C *H-THMHAHHOM H B03paCT 

Kyflbxypbi nocjie cmchu cpeAw (b m); 
no OCH opAHHaT — HHCJio ueneBUX 
lUieroK (b %). 



. OAHaKO npH yeejiHqeHHH koh- 
:pcAe 199 ao 5,0- 10"* M mhto- 
:yTKH pocTa 6biJia HHJKe, hcm b 
MO cymecTBeHHbiM (9,0d:2,03 h 
syjibTaraM 7 onuxoB). 
) AeHCTBMH AaHiioro COeAHHeHHH 
;o6ajiaMHHa, b AaJibHCHiueM mm 
iTpauHH AH4rropxjiopMeTHJiKo6aJi- 
; MejioBCKa B cpeAC Mrjia, JiHuieH- 

UHX yCJlOBMHX pOCT KJICTOK 6bi.n 
MeiHOHHHa. $0*^MeBOH KHCMTbl 

iMHHOB, KOTopoe o6ecneMHBa;iocb 

)H 6bWbeH CblBOpOTKH. FIpHCyTCT- 
lOCb TaK>Ke He06X0AHMbIM (|)aKTO- 
fKH. 

bix (J)H6po6jiacTOB, BbipaiuHBae- 

DHOMCpHOCTH, KOTOpbie 6b!JIH BM- 
rtH nepBHMHblX KyJIbTyp 3M6pHO- 

[18, 19). npHMepHO qepea 20 h 
:TeneHHoe yBCJiHueHHe hhtchchb- 
Hrajio MaKCHMajibHoro SHa^eKHn 

IHOH HHKy6aUHH KJierOK C ^H-TH- 

:jie nepeccBa Kyjibrypw cociaBJiH- 



9 



jio Bcero 10% (pHC. 3). B AaJibHefiiueM hhackc Mcqenux kjictok nocreneHHO 
Hapacraji h k 48 u AOCTHraji MaKCHMaJibHofl BejiH^HHU (59%), coxpaHHflCb Ha 
3T0M ypoBHe H B 72-qacoBOH Kyjibxype. TaKHM oSpaaoM. nepHOA HaH6ojiee aK- 
THBHOH npojiH(j)epauHH KJieroK nepBHHHofi Kyjibtypu aM6pH0Ha;ibHbix ({)H6po- 
6jiacT0B HejioBCKa npoAOJi>Ka;iCH okojio 2 cyr. FIpH 3tom nyji npojiH(j)epHpyK)- 
lUHX KJieroK B 2— 3-cyTOMHoft Kyjibiype cocraBJiaJi OKono 60%, t. e. AOBOJibHO 
6o;ibujaH nacrb kjictok Kyjibtypbi (okojio 40%) HaxoAHJiacb bhc mhtothmc- 
CKoro UHKJia. 

Ta6;iHua 2 

HSMeHCHHe npOJlH^iepaTHBHOH aKTHBHOCTH 3M6pHOHa;ibHblX (])H6po6jiacTOB MeAoseKa 
B MHHHMajIbHOH CptJSfi HtAE IIpH AOGBBAeHHH KoSaJiaMHHOB 
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I .;V ripHMeMaHHe- 3He3AO^KOii OTMeMCH ypOBCHb SHaHHMOCTH paajIHMHH P<0,05. 

I . . B 0CTa;ibHbix onHTax P<0.00l. 

PocT KJieroK b MHHMMajibHoA cpcAe Hrjia, coAep^amcH MeTHJiKo6ajiaMHH, 
i . cymecTBCHHo oTJiH^ajicji OT KOHTpo^ibHOH KyjibTypu. B cpcAe Hrjia c mcthji- 
KofiajiaMHHOM k 48 h 72 h KyjibTHBHpoBaHHH SHaMHTejibno fiojibuje kjictok 

BK;iK)HaJIO ^H-THMHAHH (Ta6jl. 2). MaKCHMaJlbHOe WHCJIO KJieTOK. CHHTCaHpyK)- 

: lUHX AHK. 6biJio BbmBJieno b cpeAe, coAep>KameH CMCCb unano- h MeTHJiKo6aJTa- 
ji;;: mhhob. Hhackc Me^eHUX (J)H6po6jiacTOB k 64 — 69 ^ KyjibTHBHpoBaHHH npH 
jy;;-: ; HMnyjibCHOH Merxe c ^H-thmhahhom 6ojiee mcm b 2 paaa npcBbimaji KOHTpojib 
(cm. Ta6ji. 2). HanSojibiuHH sc^kt hx KOM6HHHpoBaHHoro achctbha HBAfler- 

|.;:;:; CH, nO-BHAHMOMy, pesyJIbTaXOM AOnOJIHHTeJIbHOrO 06pa30BaHH5J B KJlCTKaX 

Ij:: KO(|iepMeHTHbix ^opM BHTaMHHa Bi2» KaK OTMeMajiocb Ha (j)H6po6jiacTax ko- 
|:;: :.:^H ^ejioBCKa [20]. FlojiyMeHKbie AaHHbie noKaabisaioT. mto npH Ao6aBJieHHH 
if::. :; MeTHJiKo6a;iaMHHa k ochobhoh cpeAe (199 hjih HrJia) 6ojiee hhtchchbho ocy- 
F::: luecTBJiflercfl ne TOJibKo nepHOA aAanTaiXHn kjictok k hobhm ycjioBHHM, ho 
Rj H aKTHBHpyercH hx BcrynjicHHe b ^asy CHHTesa JIHK. iXeflcTBHTeJibHO, npn 
|:|* nepecCBC nepBHMHoft Kyjibxypu kojkh 3m6phohob OBUbi b cpcAy c UHanoKofiajia- 

l;-.:;.:. MHHOM 3HaHHTeJIbH0 fiOjIbUJe KACTOK K 48 — 72 H npHKpenjIfleiCfl K CTCKJiy H 
|:>:v . BWXOAHT H3 4)a3bl TOpMO^CHHH [21]. HSBCCTHO, HTO BpCMH npOHHKHOBeHHH 

|-': B KJiexKy uHaHOKo6a.aaMHHa HSMepnercH MMHyiaMH, OAHaKO a^^i npouecca 

SHOCHHTesa KO({)epMeHTOB BHTaMHHa Bi2 H 06pa30BaHHH XOJIO(t)epMeHTa hc- 

i|;^:::o6xoAHMo OKOJIO 18 H 122). Omcbhaho, b npHcyrcTBHH MeTHJiKoSajiaMHHa 
B KJiCTKax HHAyuHpyeTCH aKTHBHOCTb MeTHATpaHC(J)epa3bi anajiorHMHO BosAeHcr- 
i:BHK) oKCHbo6a;iaMHHa b KyjibType KJieroK no^CK HOBopo^KAeHHUx xomh^kob. 
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B CXOAHWX yCJIOBHHX KyjlbTHBHpOBaHHH aKTHBHOCTb 5-MeTHji-Tr4>K-roMo- 

UHCTeHH-MeTHJiTpaHC(})epa3hi b KJiexKax b npHcyrcTBHH oKCHKo6ajiaMHHa ao- 
cTHraJia MaKCHMajibHoro anaMenm k 24 q h ocTaaa/iacb CTa6HJibH0H iie Menee 

3 CVT 17]. B IiaiUHX HCCJieAOBaHHHX npH KyJlbTHBHpOBaHHM 3M6pHOHaJIbHbIX 

4)H6po6jiacTOB HejiCBeKa b cpejxe c MeTHJiKo6aJiaMHHOM cymecTBCHHO 6o;ib- 
uie KJieroK k 48 — 72 h HaxoAHJiocb b 4>a3e cHHxesa ZIHK h hx MHTOTHMecKaa 

aKTHBHOCTb SHaMHTCJlbHO npeBblUJaJia KOHTpOJIb (cm. Ta6jl. 2). JlaUHhlQ O CTH- 

MyjiHpyioiueM bjihhhhh MeTHJiKo6ajiaMHHa na ^^yHKUHonajibHoe cocroHHHe 
3M6pHOHajibHbix c{)H6po6;iacTOB corjiacyicrrcH c peay^abTaTaMw HCAaBHHX hc- 

C;ieAOBaHHH O CHH>KeHHH aKTHBHOCTH 5-MeTHJl-TrOK-rOMOUHCTeHH-MeTH.n- 

TpaHc4)epa3bi b (J>H6po6jiacTax MejiOBena npw Ae(J)HUHTe MeTH;iKo6ajiaMHHa 123]. 
B npoTHBono;io>KHocTb CTHMyjiHpyiomeMy bjihhhhk) MeTH;iKo6a;iaMHHa npH- 
cyTCTBHe b cpeAe ero crpyKTypHoro anajiora saTpyAHflJio 3tot 3Tan, 3aAep>KH- 
Ban BCTynjiCHHe kjictok b ^aay CHHTCsa JXHK h hx nocjieAyioiuee AeJienHe. 

B MHHHMaJIbHOH CpCAC HfJia C BblCOKOii KOHUeHTpaUHeH CF2CI— Cbl 

(1,0 — 1,5)'10~^M) npojiH4)epaTHBHaH aKTHBHocTb <})M6po6-iacTOB 6biJia cy- 

meCTBCHHO HHme K 72 M KyJlbTHBHpOBaHHH. ROJIH MCqeHblX KJierOK H Be;iH4HHa 
MHTOTHMeCKOrO HHACKCa npH 3T0M 6bi;iH B 1.5 — 1,7 pasa HH>Ke, MCM B KOHT- 

po;ibHoii KyjibType» ocodcHHO no cpasHenHK) c HHTcncHBHOCTbio pocra kjictok 
B cpeAe, coAep>KameH MeTHJiKo6a;iaMHH (cm. Ta6;i. 2). Mo>kho noJiaraTb, hto 
B cpeAe c AHcJyropxJiopMeTHJiKoCajiaMHHOM npH Ae({)HUHTe MexHOHHHa h (}x)JiHe- 

BOM KHCJIOTW T0pM03HTCK MCTHJlMpOBaHHe TOMOUHCTeHHa, 3 BCJieACTBHC 3TOrO 

o6pa30BaHHe MerHOHHHa h Tr<[>K, orpaHHHHBan tcm caMbiM b KJicTKax npoixecc 
fiHOCHHTesa AHK. 

CoBOKynHOCTb pesyjibTaTOB HCCJieAOsaHHH, npoBeACHKbix Ha 6aKTepHajib- 
Hbix KJieTKax H B Ky.abType 3M6pHOHajibHbix ({)H6po6jiacTOB qenoBeKa, no3Bo- 

JIHCT, TaKHM 06pa30M, OXapaKTepHSOBaTb BJTHHHHe AH(})TOpXJ10pMeTH;iK06aJI- 

aMHHa KaK ({)yHKUHOHaJibHoro aHTarOHHcra MerHJiKoSajiaMHHa. llojiyqeHHue 
AaHHbie onpeACJiHioT HeoSxoAHMOcrb HsyqenHH MexaHHSMa A^McrBMH anTaro- 
HHcroB MeTHJiKo6ajiaMHHa b npoueccax npojiH({)epauHH kjictok in vivo. 3th 
Bonpocbi cocraBJiHKyr npcAMex HauiHX HccjieAOBaHHM b HacroHmee BpeMH. 
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(THBHOCTb S-MeiHJi-TrOK-roMo- 

HCyrCTBHH 0KCHK06aJiaMHHa AO- 

iCTHBajiacb CTa6HJibH0H He MCHee 

JlbTHBHpOBaHHH 3M6pHOHaJIbHblX 

j6a;iaMHH0M cymecTBeHHO 6o;ib- 
iHTeaa AHK h hx MHToTHMecKaa 
lb (cm. Ta6ji. 2). JlaHHue o cth- 
Ha 4)yHKUHonaJibHoe cocroJiHHe 
n c peayjibxaraMH He^aBHHX hc- 
[eTH;i-Tr<DK-roMOUHCTeHH-MeTHJi- 
e4)HUHTe MerrH;iKo6ajiaMHHa [231. 
HHflHHK) MeTHJiKo6a/iaMHHa npH- 
aaxpyAHflJio 3tot aran, 3aflep>KH- 
K H HX nocjieflyiomee Ae/ieHHe. 
OH KOHueHTpauneft CF2CI— Cbl 
BHOCTb 4)H6po6.iacTOB 6bi;ia cy- 
pjiji Me^eHbix KJieroK h BejiH^Haa 
j5— Ij pa3a HH>Ke» mcm b koht- 

C HHTCHCHBHOCTbK) pOCXa KJICTOK 

Ta6ji. 2). Mo>KHO iiojiaraTb, hto 

H Ae(})HUHTe MetHOHHHa H 4)0JlHe- 

MouHcreHHa. a BCJieAcrBHe 3Toro 
laH TCM caMMM B KJieTKHX npouecc 



EFFECT OF METH YLCOBALAMINE AND FLUOROALKYLCOBALAMINES 
1-^ ONGROWTH OFE. COLI 113/3 CELLS AND ON THE PRIMARY CULTURE OF HUMAN 
Pi: EMBRYONAL FIBROBLASTS 

N V Myasischeva, O.D. Gotenko, L. E, Kuznetsova, M. 0. Raushenbakh, L P. Rudakova, 
g|; • £, M. Tachkova, A, M, Ynrkevich 

Research Centre of Oncology. Academy of Medical Sciences of the USSR, All-Union Research 
S.. Vitamin Institute, Moscow 



Comparative analysis of the functional activity of several fluoroalkylcobalamines was 
^ carried out using E. coli 113/3 strain deficient in vitamin Bia and methionine. Difluoro chlor 
methylcobalamine (CFjCl-Cbl) exhibited the most distinct inhibitory effect on growth of bac- 
= :^ lerial cells in the medium with cobalamine. Effect of methylcobalamme and CFsCl-Cbl on the 
■ proliferative activity of human embryonal fibroblasts was studied in media of various compo- 
.^i": sition. The proliferative activity of fibroblasts was distinctly increased in the medium with 
r-* methylcobalamine at various periods of cultivation; the fraction of ^H-thimidine labelled 
& . cells and the mitotic index were increased. The distinct decrease in amount of cells, synthe- 
? ■• sizing DNA, and in their mitotic activity was observed in medium with CFjCl-Cbl. The data 
1:;;: obtained suggest that difluorochlor methylcobalamine affects the cell proliferation as the an- 
. tagonist of methylcobalamine in experiments with bacterial cells and the primary culture 
j-;. of human embryonal fibroblasts. 



VJXK 612,173.1.015.1:577.152.361 



A, T. MeatufiHKo 

HCCJIEAOBAHHE AHMGHHyBCTBMTEJlbHOfli 
tH npoBCAeKHbix Ha 6aKTepHa;ib- f^: AT0-A3bI JIflEP CEPAUA KPblCbl 

innJ^^^x™^ y HHc™^^ 3KcnepHMeH.a..„oA 6ho™ AH KasaxcKo. CCCP, A^Ma-Axa 

MeTHJlK06aJiaMHHa. '^^'"y^^"^ HccAedoeanu ceoucmea HCOJ<muMyAupyeMOu AT0-O3bi ndep KAemoK cepdu^a Kpucu. 

"^^^^nuM^K^PTOK^n^vivo 3th MaKcuMOAbHaH OKmusHOcmb HCO^'AT0-a3U HaCAtodaemcn npu KOH^eHmpa^uu 6uKap6oHama 

^^T^.Ju^ n Hj»r>Tf>quiee BOeMH. • • = 25 mM. OnmuMyM pH 8.0-8.5. BuKapOoHum cmuMyAupycm AT^^aay moAtm a npucymcmuu 
TieAOBaHHH B HacTOflluee epcMw. . Mn^-*- u Zn^+. C Co^+, Cd^^ u Cd^"*- aKmuea^uu ne HadAfodaemcH. Na^ CO. 

V tf NQzSO^ a KOHnenmpai^uu 30 mM cmuMyAupyiom AT0-a3nyK) aKmumocmb ndep na 20 u 81% 
f:.::..coomaemcmeeHHO. AnuOHbi yVf, SCN- u C/O7 umuOupytom Mg-'^-AT0'a3y u HCO^ - 
PA 1 AT<P-Q3y. MoHbi 50j~ u HSOJ hc aAUHtom na AT^-aanyio aKmnsHOcrm ndep. 
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HCO--CTHMyjiHpyeMafl ATO-asa o6Hapy>KeHa b HAepnoH cJjpaKUHH KJie- 
TOK CJ1H3HCT0H 060J10MKH )KejiyAKa [1. 2]. rojioBHoro M03ra [3], noneK [41, 
^neqcHH [5] h onyxoJieH I6]. B Jiiipax MbiiueHHOH TKann cBOHCiBa aHHOHMyBcr- 
BHTCJibHOH ATO-asbi He HsyqcHbi. HHTepec KHccjieAOBanHiocBOHCTBeHKapeoHaT- 
aKTHBHpyeMOH ATO-a3bi o6ycTOBJieH TaK>Ke HeonpeAeJieHHOcrbK) ee (})H3hojio- 
PHMecKOH (|)yHKUHH. B HacTOfliueH pa6oTe HsyqajiH CBOHCTBa HCOF-CTHMyjiH- 
pyeMOH AT*-a3bi mctok cepma Kpwcbi c uenbio cpaBHCHHH hx co cBoftcTBaMH 
HCOr-AT^-a3 pa3.nHMHbix TKaneH. 

McTOAHKa 

^nbiTbi npOBOAHJiH Ha 6eJiux CecnopoAHbix Kpucax waccoft 150—200 r, HocJie AeKanHxa- 
UHH jKHBOTHux ccpAuc cpasy H3BJieKa.aH H H3Me;ibMa;iH na xo;ioAy b cpefle 1 : 0,25 M caxapoaa, 
' 10 mM TpHc-HCl-6y$ep pH 7,4. M3Me;ibHeHHyio TKaHb npoAaaJiHsajiH qepea cexKy c AHaMCTpoM 
nop 0,6 MM H roMoreHH3HpoBa;iH b cpe^e 1. FoMoreHaT $H;ibTpoBa;iH nepea 4 cnoH MapjiH. 3a- 
pa no^iynanH no M0AH{})HuHpoBanHOH MeroAHKe [7]. OHjibxpax ucnxpH(^yrHpoBa;iH 2 mhh npH 
100 g c ue;ibK) ocaJKAeHHH KpynHux K.nexo4Hbix (J)parMeHxoB. OcaflOK oxGpacbiBajiH, a Hajoca- 
AOHHyK) >KHAKOCXb ueHxpH(J)yrHpoBa;iH 10 mhh npH 900 g. nojiyneHHwA ocaAOK, coflep>KamHft 
HApa. oTMbiBa;iH 1 pas b cpeAe roMoreHHsauHH h pecycneHiiHpoBa.iH b 5 m;i cpeAW 2 : 50 mM 
xpHc-HCl-6y(^ep pH 7,4. 80 mM KCl h 60 mM NaCl. CycnenaHK) HacJiaHBa.nH Ha 10 m.fi 
: 0,6 M caxapo3bi h ueHxpH(J)yrHpoBa;iH 10 mhh npH 1200 g. OceeuiHe na aho HApa oxMUBajiH 
. B cpeAe 2. MHcxoxy npenapaxa KOHxpoJiHpoBa;iH sjieKxpoHHO-MHKpocKonMMecKHM ^mcxoaom. 
>■ Mhxoxohaphh npaKXHHecKH oxcyrcxBOBajiH b npenapaxax. OpaxuHio MHxoxoHApHii cepAua 
: Kpbicu nojiyqajiH no onHcanHoft MexoAHKe [8] AonooHHre/itHbiM oAHOKpaxHuM oxMueaHHCM 
8 CpeAe 2. 
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FIGURE 3 (B) Continued 
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FIGURE 7 Synthesis of chlofambucil-hydroxyethyl-cobalamin (Chl-HE-Cbl) (55). 
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9184106 BIOSISNO.: 199497192476 \ ""P'®*® 

Hepatic cobalamin deficiency induced by hydroxycobalamin (c- lactam) 
treatment in rats is associated with decreased mitochondrial mRNA 
contents and accumulation of polycistronic mitochondrial RNAs . 

AUTHOR: Leeds Frederic S; Brass Eric P(a) r,T ■ i 

AUTHOR ADDRESS: (a)Case Western Reserve Univ., Dep. Med., Div. Clinical 
Pharmacol., 10900 Euclid Ave., Cleveland, 0**USA 

JOURNAL: Journal of Biological Chemistry 269 (6) :p3947-3951 1994 

ISSN: 0021-9258 

DOCUMENT TYPE: Article 

RECORD TYPE: Abstract 

LANGUAGE : Eng 1 i sh 

ABSTRACT: Treatment of rats with hydroxycobalamin (c-lactam) (HCCL) , a 
cobalamin antagonist, results in both increased hepatic 
mitochondrial content and the development of defects in mitochondrial 
ubiquinol: cytochrome c oxidoreductase and cytochrome c oxidase. The 
present study was designed to evaluate changes in hepatic mitochondrial 
RNA contents in response to HCCL treatment in rats. After 2 weeks of HCCL 
treatment, hepatic contents of the mature mitochondrial mRNAs (expressed 
normalized to 28 S rRNA) encoding subunit H of cytochrome c oxidase (CO 
II) subunit 1 of NADH dehydrogenase (NDl) , and cytochrome b were reduced 
to values 40-60% of those observed in RNA from control liver tissue. In 

addition, HCCL induced a pronounced accumulation of high molecular weight 

RNA species which hybridized to mitochondrial probes and represented 
polycistronic RNA sequences. The polycistronic RNAs were products of the 

heavy strand of the mitochondrial genome, and major species demonstrated 

hybridization patterns consistent with identifications corresponding to 

the 12-16 S rRNA, 12-16 S-NDl, 16 S-NDl, and CO II-ATP synthase subunit 6 

regions of the mitochondrial genome. Maximal expression of the 
polycistronic mitochondrial RNA was observed after 2 weeks of HCCL 
treatment. Thus, HCCL treatment interferes with mitochondrial RNA 
processing and decreases the content of mature mitochondrial ■ 
Altered expression of the mitochondrial genome may be responsible for the 
decreased electron transport chain activity known to result from HCCL 
administration 
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8901601 BIOSISNO.: 199396053102 

Effects of vitamin B-12 analogues with alternations in the side chains of 
the corrin ring on urinary methylmalonate excretion in vitamin 
B-12-def icient rats. 

AUTHOR: Saido Hisako; Watanabe Fumio; Tamura Yoshiyuki; Manai Yasuo; Nakano 
Yoshihisa (a) 

AUTHOR ADDRESS: (a)Dep. Agric . Chem. , Univ. Osaka Prefecture, Sakai , Osaka 
593** Japan 

JOURNAL: Bioscience Biotechnology and Biochemistry 57 (4) :p607-610 1993 
ISSN: 0916-8451 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE : English 

ABSTRACT: To study how much the side chains of the corrin ring of vitamin 
B-12 are involved in the physiological roles of the vitamin, five vitamin 
B-12 analogues (cyanocobalamin-b-monocarboxylate , 

cyanocobalamin-d-monocarboxylate, cyanocobalamin-e-monocarboxylate, 
cyano-13-epicobalamin, and cyanocobalamin (c- lactam) ) with alternations in 
the side chains were synthesized chemically and then administered orally 
and intravenously to vitamin B-12 -deficient rats. Male rats fed a vitamin 
B-12-def icient diet for 11 wk developed a severe vitamin B-12 deficiency 
with a high urinary methylmalonate excretion (223.8 +- 136.2 mu-mol/d) 
and -97% (1.2 +- 0.7 ng/g tissue) lower hepatic vitamin B-12 content. 
Oral and intravenous administration of cyanocobalamin-b- , -d- , and 
-e-monocarboxylates and cyano-13 -epicobalamin could not improve the 
severe vitamin B-12 -deficient status of the rats, indicating that the b-, 
d-, and e-propionamide side chains of the corrin ring of vitarnin B-12 are 
important in the absorption, transport, and function of the vitamin in 
rats. Urinary methylmalonate excretion of the rats that were 
intravenously administered cyanocobalamin (clactam) increased twice as 
much as those of the other analogue -supplemented rats, suggesting that 
cyanocobalamin (c-lactam) act as a powerful Cbl -antagonist . 
The results also indicate that mammalian cells do not contain a system 
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02732162 BIOSIS NO. : 000068042761 
POSSIBILITY OF INCREASING THE ANTI NEOPLASTIC ACTION OF A FOLIC-ACID 

ANTAGONIST BY METHYL COBALAMIN ANALOGS 
AUTHOR: SOF ' INA Z P; MYASISHCHEVA N V; ARSENYAN F G; YURKEVICH A M 
AUTHOR ADDRESS: ONCOL. SCI. CENT., ACAD. MED. SCI. USSR, MOSCOW, USSR. 
JOURNAL: VESTN AKAD MED NAUK SSSR (1). 1979. 72-78. 1979 
FULL JOURNAL NAME: Vestnik Akademii Meditsinskikh Nauk Sssr 
CODEN: VAMNA 
RECORD TYPE: Abstract 
LANGUAGE: RUSSIAN 

ABSTRACT: The effect of methylcobalamine and its analog 

(dif luorochloromethylcobalamine and methylcobalamine chloropalladate) on 
the growth of transplantable tumors in mice [adenocarcinoma of the 
mammary gland (Ca-755) , carcinoma of the uterine cervix {CUC-5) and 
carcinoma of the intestine (ACATOL) ] was studied. The activity of the 
cobalamine coenzyme analogs was investigated when used alone or combined 
with inhibitors of dihydrof olate reductase and methionine synthetase. The 
results of the experiments indicate a stimulating effect of 
methylcobalamine on the growth of transplantable solid tumors in the 
animals. The antitumor activity of the methylcobalamine analog studied 
was higher in combined application with methotrexate. The most effective 
inhibition of tumor growth and longest survival of animals were achieved 
in combined application of methylcobalamine with methotrexate and 
methionine synthetase inhibitor, depending on the scheme of 
administration . 
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110147313 CA: 110 (17) 147313c JOURNAL 
Effect of cobalamin inactivation on folate metabolism of leukemic cells 
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Schoester, Martijn; 



Neth. 
11-12 



PAGES: 905-10 



AUTHOR(S): Ermens , Anton A, M.; Kroes, Alois C. M. / 
Van Lorn, Kirsten; Lindemans, Jan; Abels, Johan 

LOCATION: Inst . Hematol . , Erasmus Univ., Rotterdam, 
JOURNAL: Leuk . Res. DATE: 1988 VOLUNE : 12 NUMBER: 
CODEN: LEREDD ISSN: 0145-2126 LANGUAGE: English 
SECTION: 
CA201006 Pharmacology 

IDENTIFIERS: nitrous oxide cobalamin folate metab leukemia, neoplasm 
inhibitor folate metab nitrous oxide 

DESCRIPTORS: 
Neoplasm inhibitors , leukemia . . . 

cobalamin antagonist nitrous oxide enhancement of, in humans, folate 
metab. alteration in 
CAS REGISTRY NUMBERS: 
10024-97-2 biological studies, cobalamin inactivation by, folate metab. of 

human leukemic cells response to 
59-30-3 biological studies, metab. of, by human leukemic cells, cobalamin 

inactivation by nitrous oxide effect on 
51-21-8 52-52-8 59-05-2 folate metab. of human leukemic cells alteration 
by cobalamin inactivation by nitrous oxide and, neoplasm inhibition in 
relation to 

365-07-1 formation of, by human leukemic cells, cobalamin inactivation by 

nitrous oxide effect on 
13408-78-1 inactivation of, by nitrous oxide, folate metab. of human 

leukemic cells response to 
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Inhibition of vitamin B12 by an antagonist, cobalamin monocarboxylic acid 
AUTHOR (S) : Simon, Ages ton 

LOCATION: Zavod. Farm. Khim. Prod., Budapest, Hung. 

JOURNAL: MiJcrobiologiya DATE: 1969 VOLUME: 38 NUMBER: 2 PAGES: 211-15 
CODEN: MIKBA5 LANGUAGE: Russian | 
SECTION: 

CA808000 Microbial Biochemistry 

IDENTIFIERS: inhibitors vitamin B12 , antagonists vitamin B12, cobalamin 

monocarboxylic acid 
DESCRIPTORS : 

Cobinic acid-pentamide, cyanide hydroxide, dihydrogen phosphate (ester), 
inner salt, 3 ' -ester with 
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CAS REGISTRY NUMBERS : ^ n . ■ j 
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Character of antagonism of cobalamin monocarboxylic acid toward some 
analogs of cobalamin 

AUTHOR (S) : Simon, Agoston 

LOCATION: Fabrik Chem. Pharm. Prod. Chinoin, Budapest, Hung. 
JOURNAL: Zentralbl . Bakteriol . , Parasitenkd. , Inf ektionskr . Hyg., Abt . 
Allg., Landwirtsch. Tech. Mikrobiol . DATE: 1967 VOLUME: 121 NUMBER: 2 
PAGES: 199-205 CODEN: ZBPIA9 LANGUAGE: German 
SECTION: 

CA808000 Microbial Biochemistry 

IDENTIFIERS: VITAMIN B12 ANTAGONISTS, COBALAMINS MONOCARBOXYLIC ACID, 
CYANOCOBALAMIN ANTAGONISTS 

DESCRIPTORS: 
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in the cellular uptake of vitamin B-12. The expression of me^alin in 
absorptive epithelia in the kidney and other tissues includir^ yolk sac 
and placenta suggests a rote of the receptor In vitamin B-12 homeostasis 
and fetal vitamin B-12 supply. 
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Characterization of monoclonal %7o%antibodies%%% to epitopes of human ^ 
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AUTHOR ADDRESS: (a)Dep. Med., Div. Hematol./Oncol., SUNY-Hcalth Sci. 
Cent., 

Brooklyn, NY 11203**USA 
JOURNAL: Biochemical and Biophysical Research Communications 222 (l):p 
149-154 7o7.7a996%7p% 
ISSN: 0006-291X 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE: English 

ABSTRACT: Cellular uptoke of cobalamin (Cbl) is mediated by 

7»7fl7*transcobalamin7»7o7o II (TCII), a Cbl binding protein in the plasma. 
The 

TCII-Cbl complex binds to a cell surface receptor and is internalized by 
endocytosis. We have generated monoclonal 7o7*7<.antibodies7o7o7o (mAbs) to 
human TCII that can be distinguished Into three functional types on the 
basis of interaction with three different regions of the protein. Type 1: 
Receptor blocking. This mAb binds holo-TCII and inhibits the cellular 
uptake of Cbl. Type 2: Cbl blocking. This mAb binds apo-TCII at or near 
the Cbl binding domain and inhibits the formation of holo-TCII. Type 3: 
Precipitating. This mAb binds both holo-TCII and apo-TCII but docs not 
interfere with Chi binding. Whereas type 1 and type 2 mAb, following 
incubation with TCII-(57Co)Cbl or apo-TCII, respectively, inhibit the 
uptake of radio-labeled Cbl by K562 cells, type 3 mAb has no such 
Activity with either form of TCII. These properties of type 1 and iyp^ 
mXb that inhibit the cellular uptake of Cbl, may serve to Induce r 
Cbl oiaJiciency and provide a model to study the effect of selecp/^ Cbl 
depletioh.^ cell division and differentiation as well as on tjjp^thways 
dependent o?Khc^two Cbl cofactors, methyl-Cbl and,&>deoxyadenosyl-Cbl. 
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DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
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ABSTTiACT: Rabbits injected with pure human placental 

%7«7«transcobotamin7«7a7« 
Il-receptor (TC II-R) failed to thrive with no apparent tissue or organ 
damage, but a 2-fold elevation of the metabolites, homocysteine, 
methylmalonic acid, and the ligand, 7o7o7otranscobalamin%7«7o II, in their 
plasma. Exogenousty added 7o7o7*transcobalamin7«7»7o 

II-(57Co)cyanocobalamin 
bound very poorly (2-5%) to the affected rabbit liver, kidney, and 
intestinal total or intestinal bosoloterol membrane extracts relative to 
the binding by membrane extracts from normal rabbit tissues. The activity 
was restored to normal values following o wash of affected rabbit tissue 



membranes with pH 3 buffer containing 200 mM potassium thiocyanate. 
Immunobtot analysis of normal and affected rabbit kidney end liver total 
membranes revealed similar amounts of 124-kDa TC II-R dimer protein. 
The 

neutralized and dialyzed extract from the affected rabbit membranes 
inhibited the binding of the ligand to pure TC H-R and the harvested 
affected rabbit serum inhibited the uptoke of TC II-(57Co)cobalamin (Cbl) 
from the basolateral side of human intestinal epithelial (Caco-2) cells 
and decreased the utilization of (57Co)Cbl as coenzymes by the 
Cbt-dependent enzymes. The loss of exogenously added ligand binding or 
the binding of 1251-protein A occurred with the intestinal bosoloterol, 
but not the apical membranes. Bosed on these results, we suggest that 
circulatory 7»7«7oantibodies7o7o7o to TC II-R cause its in vivo functional 
inactivation, suppress Cbl uptake by multiple tissues, and thus cause 
severe Cbl deficiency and the noted failure to thrive. 
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%yo%Vitamrn%%% 7o%%B12%%% ols Rcgulativ und Mcthotrcxat 
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%%7oAntagonist%%% im Folsaurc-Stoffwcchscl. Pathophysiologischc 
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klinische Aspekte. 
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Biochemical investigations show a decreased bioovoi lability of 
5-mcthyl-tctrahydrof olic acid In %%%vitamin%7o% %%7oB12%7«yo 
deficient human 

cell, cultures ond bone marrow cells. Tetrahydrof olic acid cannot be 
liberated from its storage form. This so-called mcthyl-f olate-trap results 
In a functional folic ocid deficiency which is the pathogenetic principle 
of the defect in the cell %%%prolif cration%7«»7«. in patients with 
%%%vitamln7«%7* •/<,7«%B127o%% deficiency. T>iis knowledge of 
biochemical 

mechanisms leads to the identification of rare disorders in the metabolism 
of 7<,7«7pvitamin7o7o7o yo7oy«B127o7<>yo and folic acid. After methotrexate 
treatment a 

rescue effect with its antidote Leucovorin can only be achieved, if the 
ratio antidote: methotrexate is at least 10:1. This ratio is important in 
cell cultures as well as in bone marrow cells in vivo. The results lead to 
a formula for the calculation of the optimal dosis to reach o secure rescue 
for individual patients after high-dose methotrexate treatment. This mokes 
the high-dose methotrexate regimen a treatment modality for malignant 
tumors without any side effects. 
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Studies were performed using an in vitro assay system to determine 
whether or not methyl-7o7«7oB127o7o7* could affect human T-celi function. 
WhenT 

cells were stimulated with phytohemagglutinin and allogeneic B cells, 
methyl-7oyo7oB127o7oyo did not enhance T-ccll 7o7*7oprolif eration7o7o7Q. In 
contrast, 

remarkable enhancing effects of mcthyl-7o%7oB127»7»% on the 
7o7o7aproltferative7o7(i7e 

response to concanavalin A (Con A) and autologous B cells at suboptimal 
concentrations were observed, ranging from 0.1 to 10 microgroms/ml. 
Concentrations of mcthyl-7«7o7*B12yo%7o sufficient to enhance cellular 
%%%proliferatlon7*7o7o were able to enhance the activity of helper T cells 
for " 

immunoglobulin synthesis of B cells by pokeweed mitogen. Furthermore, the 
presence of methyl-y»%7oB127Q7a7<i significantly potentiated the induction 
of 

suppressor cells in Con A-activatcd cultures. These results suggest that 
methyl-%%7«B12%%7« could modulate lymphocyte function through 
augmenting 

regulatory T-cell activities. 
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The role of the binding of succinylated concanavalin A to tissue culture 
cells in influencing epidermal growth factor (EGF)-mediated cell 
7o7»7oproliferation7o7o7a has been studied. Succinylated concanavalin A 
dramatically reduces the stimulation of 3T6 cells by EGF in Dulbccco's 
modified Eogle's medium (DME) containing insulin and 
7o7.7ovitamln7.7o7o 

7«7o7«B127»7«7o as additional growth factors, but no serum. Furthermore, 
binding 

studies using 1251-labeled EGF hove shown that the binding of EGF to the 
cell surface is reduced upon addition of succinylated conconavolin A. 
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Nutrients as therapy for patients with 7a7o7ocancer7«7o7o arc important 
as 

adjunctive therapy, i.e., odequote nutrition may be important for the 
success of whatever form of therapy is administered. Diets deficient In 
certain amino acids have some selectivity when tested against experimental 
tumors propogated in vivo. Such diets have had limited clinical trial and 
hove been characterized by poor patient acceptance. Enzymes that 
produce 

deficiencies of certain amino acids, e.g., asparaginase, glutamlnase, 
methioninase appear to offer a more reasonable approach to development 
of 

selective amino acid deficiencies in man. Trace metals In excessive amounts 
may be toxic or carcinogenic to the host. Two heavy metal salts, 
Cis-diamine dichloroplotlnum and gallium nitrate, have recently been shown 
to have ant i -neoplastic effects in man. There Is no conclusive evidence 
that vitamins, administered in large doses, have significant antineoplastic 
effects although large doses of 7o7o7ovitamln7o7o7o A, 7o7«7ovitamln7o7o7o 
C, and 

7o7o7ovltamin7o7o7o 7o7o7oB127o7«7o have been used for this purpose. In 
contrast, 

certain 7o%7ovitamin7o7o7o 7o7o7oanalogs%7o% such as folate 
antimetabolites can 

cause tumor regression and are useful clinical treatment. An enzyme, 
carboxypeptldase Gl, by splitting naturally occurring folates, may also 
have promise as o method of producing enzymic folate deficiency. (53 
Rcfs.) 
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[Effect of methylcobolamin and f tuoralkylcobalomins on E. coli 113/3 c^ 
owth and on a primary human embryonic fibroblast culture] 
^llanle metllkobalomlna 1 f torolkllkobalaminov na rost kletok E. coll 
J i pervichnulu kul'turu embrional'nykh fibroblastov cheloveka. 
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Comparative analysis of the functional activity of several^ 
f luoralkylcobalamincs was carried out using E. coli 113/3 strain def icAent 
in %%%vitomin%%% %7o%B12%%7» and methionine. Dif luoro chlor 
mcthylcobalamine 

(CF2CI-Cbl) exhibited the most distinct inhibitory effect on growth hf 
bacterial cells in the medium with cobalamine. Effect of methylcobalam^ne 
and CF2CI-Cbl on the %7o7<»proliferativc7«%% activity of human 
embryonal 

fibroblasts was studied in media of various composition. The 
7«7o7oproliferative7o7o7* activity of fibroblasts was distinctly increased in 
the 

medium with methyl cobalomine at various periods of cultivation; the 
fraction of 3H-thimidine labelled cells and the mitotic index were 
increased. The distinct decrease in amount of cells, synthesizing DNA, and 
their mitotic activity was observed in medium with CF2Cl-Cbl. The data 
ol^ined suggest that dif luorochlor methylcobalamine affects the cell 
7o%%proliferation7o7a7o as the 7o7«7oantagonist7«ya of / 
methylcbtMlamine in 

^ith bacterial cells and the primary culture of human embryonal 

fibroblasts. 
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Abstract: Cell 7<»7o%prolifcration7o7«7o and differentiation are regulated by 
growth regulatory factors such os transforming growth factor- (beta) 
(TGF- 

(beta) ) and the liphophilic hormone 7o7«7ovitamin7e7«7o D. TGF- (beta) causes 
activation of SMAD proteins acting as coactivotors or transcription factors 
in the nucleus. 7o%7oVitamin7«7o7Q D controls transcription of target genes 
through the 7o7o7f.vitaminyo%y* D receptor (VDR). Smad3, one of the SMAD 
proteins 

downstream in the TGF- (beta) signaling pathway, was found in mammalian 
cells to act as o cooctivator specific for I igond- induced transact i vat ion 
of VDR by forming a complex with a member of the steroid receptor 
coactivator-1 protein family in the nucleus. Thus, Smad3 may mediate 
cross-talk between %%7ovitamin7(>7o7o D and TGF- (beta) signaling pathways 
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frequency as a function of time, correlations among multiple markers of 
genetic damage, and influence on damage indices of nutritional variables, 
including blood levels of folate, %%7oB12%%% and onti oxidant vitamins. 
Among 

different individuals, the range of values was 10-fold or more in the 
erythrocyte micronucleus, glycophorin A. plasma cscorbote end urinary 
8-hydroxydeoxyguanosine (oxo8d6) assays, was approximately 6-f old in 
the 

lymphocyte micronucleus assay, and was 2 -fold in the lymphocyte sister 
chromatid exchange (5CE) assay. Red blood cell folate and plasma folate, 
%%7oB127«%% and alpha-tocopherol values varied by up to 10-fold 
among 

individuals. Micronucleus frequencies in erythrocytes and peripheral blood 
lymphocytes ranged from < 0.3 to 16.9/1000 in mature red blood cells, < 1 
to 33/1000 in reticulocytes, and 2.5 to 15/1000 in binucleatc lymphocytes. 
Frequencies of glycophorin A variant erythrocytes ranged from 5.6 to 77.3 x 
10(6) N/0 cells and 3.2 to 16.2 x 10(6) N/N cells, and oxoSdS excretion 
varied from 32 to 397 pmol/kg/day. Although a wide range of values was 
observed in each genetic endpoint, the extreme values for various end points 
of genetic damage were not observed in the same Individuals. The frequency 
of micronucleated erythrocytes varied over time within individuals and 
indicated that individuals with the highest levels of damage exhibit 
greater variability than those with lower levels. In some subjects, 
frequencies of micronucleated erythrocytes changed dramatically over an 
interval of 2-3 years: four subjects with initiol micronucleated 
reticulocyte frequencies of 20.4, 5.9, 6.4 and 33/1000 changed to 2.5, 
20.5, 18.5 and 12/1000, respectively. Among more than 150 individuals wc 
have studied, including the 64 individuals studied by Everson et al. 
[(1988) J. Natl. %%%Cancer%7o% Inst., 80, 525-529] and Smith ct al. 
[(1990) 

%7o%Cancer7o%% Res., 50, 5049-5054], the seven individuals with the 
highest 

observed frequencies of micronucleated erythrocytes all had exceptionally 
low values of plasma folate, red cell folate, or plasma 7o7o7»B127o7o7o, 
suggesting that folate and %7e7»B127»7e7o status are the major 
determinants of 

the types of damage that lead to spontaneous micronucleus formation in 
erythrocytic cells. 
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Methylcobalamin Is one of the cocnzymatically active cobolamin derivates 
and required for the activity of the cytoplasmic enzyme methionine 
synthetase catalyzing the methylation of homocysteine Into methionine. The 
effect of methylcobalamin on the 7o7o7oprolif eration%7o7« of malignant cells 
has 

been examined. Methylcobalamin inhibited the 7oy«7oproliferation7«%% 
of 

ondrogen-sensltive SC-3 cells (a cloned cell line from ShionogI mouse 
mammap/ tumor, SC115) In culture at the concentration of 100-300 
micrograms/ml. An inhibitory activity of methylcobalamin on the 
%%%proliferation%7oyo was also observed In other cell lines 
(estrogen-sensitive B-IF cells from mouse Leydig cell tumor and MCF-7 cells 
from human mammary tumor) at the concentration of 500 
mlcrogroms/ml. 

'oreover, large doses of methylcobalamin injected intraperitoneal ly (100 
-/kg body weight/day) were non- toxic and suppressed the tumor growth 

and B-IF cells in mice fed a %%7ovltamln%%7o %%7«B12y«7o% 




.%7« of 
md In 



deficient diet. 

These results show that methylcobalamin inhibits the 
7*7o7flprolif erationyo7«7« of 

malignant cells in culture and in vivo and propose the possibility of 
methylcobolamin as a candidate of potentially useful agents for the 
treatment for some malignant tumors. 
Record Dote Created: 19970916 



5/7/34 /(Item 8 from file: 155) 
DIAL9G(R)Flle :55:MEDLINE(R) 

09Cfl6228 96375064 PMID: 8781445 
4ltrlc oxide Interactions with cobalamins: biochemical and functR>t(al 
Consequences. 

Brouwcr M; Chamulltrat W; Fcrruzzi &: Sauls D L; Weinberg J i 
Duke Univerfity Marine Biomedical Center, Beaufort, NC, USa/ 
Blood (UNITBf) STATHS) Sep 1 1996. 88 (5) pl857-64, l/sN 
0006-4971 

Journal Code: 76fl|3509 
Controct/firant No.: AR-39162; AR; NIAMS 
Document type: JoVnal Article 
Languages: ENGLIS^j 
Main Citation Owner: \UA 
Record type: Complete 

Nitric oxide (NO) is o\aramagnetic gas that has t^een implicated in o 
wide range of biologic functions. The common pa|rhway to evoke the 
functional response f rcquenVjy involves the forma/ion of an Iron-nltrosyl 
complex In a target (heme) protein. In this sj 
interactions between NO and lipbalt-containln( 

erivatives. Absorption spectroscdoy showed^ that of the four Co(Iir 
rivatives (cyanocobalamin [CN^Cbl], qjjuocobalamin [H20-Cb[}; 
adVnosylcobalomin [Ado-Cbl], and methylcobalamin [MeCbl]), only the 
H2arCbl 

combined with NO. In addition, electron p 
spectroscopy 

of H20^1 preparations showed th^preJience of^ small xTmount of 
Cob-(II)aIdmin .that was capable of Zombi nina^rffh NO. The Co(III)-NO 
complex wasN(cry stable, but could /ransfeKire NO mj>i^ to hemoglobin 
(Hb). The transffthw qs accoma api^dpya reductlwa pf^he Co(III) to Co(II), 
indicating that NO^(<iitrosonium) was the leavipgTgMup. In accordance with 
this, the NO did not cohtbi(je witytheJib'P^I^ but most likely with 
the Hb cysteine-thlolate. Sinulanly,lhe Co(III)-NO c\mplex was capable of 
transferring its NO to glutathione. Ado-Cbl and Me-Cb\were susceptible to 
photolysis, but CN-Cbl and H20-Cbl were not. The homoVtic cleavage of 
the 

Co(III)-Ado or Co(III)-Me pond resulted In the reduction if the metal. 
When 

photolysis was perf ormed^ln the presence of NO, formation oY NO-Co(II) 
was 

observed. Co(II)-nitros9l oxidized slowly to form Co(III)-nlti\syl. The 
capability of aquocoboiomin to combine with NO had functional 
consequences. 

We found that nlt^osylcobalamin had diminished ability to serv^ 
cof actor for t hcytnzy me methionine synthase, and that aquocobalamV 
could 

quench NO-med|tited inhibition of cell 7o7<.7oproliferation7oyo7*. Our in 
vitro 

studies therefore suggest that interactions between NO and cobalamins 
may 

have important consequences in vivo. 
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decreasing high blood pressure, preventing colon %7<.y6cancery*yo% and 
kidney 

stone formotion. It is advantageous that milk contains three times more 
potassium than sodium. The antioxidant milk selenium decreases the risk of 
arteriosclerosis and %%7«cancer7o%% and also stows the ogeing process. 
The 

protective effects of different milk vitamins, e.g. %%7evltaminy(i%% A, 
beta 

-carotene, 7«y»%vitamin7o%% E and 7ey*%vitamin7»%7o C are well known. A 
recent 

discovery is the role of f olate-blnding proteins, %7o7ovitaminyo7g% B6 and 
y«%ypB12%%7o and folic acid of milk in the prevention of 
hyperhomocisteinemia-causing arteriosclerosis and thrombus formation. 
Recent research emphasises the importance of milk in its natural state, 
its contribution to the maintenance of the pH balance of the organism, and 
the fact that milk acts as a protective agent against the prions of 
BSE-disease. 
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Enhanced therapeutic effect of methotrexate in expe'Kmental rat leukemia 
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oxide 
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Exposure to nitrous oxide interferes selectively with the coenzyme 
function of 7a7o%vitamin%%% %7»7oB127e7o7a and causes inactivotion of 
methionine 

synthetase, with subsexjucnt impairment of folate metabolism and reduction 
of cellular 7(i%%prolif eration%%7a. In a rat leukemia model (BNML) we 
investigated the combined administration of nitrous oxide, inactivating 
7<,7o7ovitamin7*7o7o 7a7o7cB127.7«7o, and methotrexate (MTX), a folate 
7«7o7oantagonist%7o7« 

inhibiting the enzyme dihydrof olate reductase. Through different 
mechanisms, both agents decrease the availability of tetrahydrof olate, and 
subsequently of other reduced folates, with increased impairment of 
f olate-dependent synthesis of thymidylate. Effects on leukemic growth and 
on hematological values in rats demonstrated enhancement of the 
therapeutic 

effect of MTX by exposure to nitrous oxide. With several treatment 
schedules, the results of combined treatment were seen to be better than 
additive when compared with the effects of single agents. In particular, 
pretreatment of leukemic rots with nitrous oxide for 3 days before 
administration of MTX appeared effective. With higher doses of MTX, 
concomitant exposure to nitrous oxide even resulted in toxic effects. These 
findings were in accordance with the results of some metabolic studies 
performed in leukemic rats. De novo synthesis of thymidylate in leukemic 
cells, when studied by means of the deoxyuridine suppression test, showed y 
the most severe disturbance with combined treatment consisting in MTX j 
(0.5 

mg/kg) and nitrous oxide pretreatment for 3 days. Intracellular levels/6f 
tfilate and dTTP were lowest with 2 and 3 days' pretreatment before MTX, 
rcWctively. It is concluded that this interaction of nitrous oxidc/und 
MTXW( result in enhanced metabolic and therapeutic effects^ low doses 
of MT?CTi;5ctivation of %7o%vitaminy«7.% 7o7«7»B127«7«7« agp^^rs to be a 
potentially 

useful addition in ^%3JiMncer7«7o7o chemotherapy. 
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Targeting of taxol analogs to cancer cells with vitamin B12 
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Occurrence of Cobalamin Coenzymes in the Photosynthetic Green Alga, 

Chlorcllo vulgaris. 
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ABSTRACT: To analyze cobalamin metabolism in photosynthetic green algae, 
the effects of cobalamin on growth of Chlorella vulgaris C-30 were 
studied ond the algal cobalamin contents were assayed. Cobalamin 
significantly stimulated growth of the Chlorella cells, but 
biologically inactive cobalamin %7o7oanalogues%%7» did not. Chlorella 
grown in a cobalamin-f ree medium (control) contained cobalamin 
coenzymes. 5 '-deoxyadenosy I cobalamin (7.95.+-.0.31ng/g wet weight) and 
methyl cobalamin (2.72.+-.0.45ng/g wet weight), of which the levels were 
increased significantly in cobalamin-supplemented cells. These results 
indicate that the alga has ability to take up exogenous cobalamin and 
synthesize the coenzyme forms, (author abst.) 
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ABSTRACT: Long chain atkylcobalamins and long chain acyl-cyonocobalami 

tw\types of hydrophobic derivatives of 7o%%vitamin%%yo %%%B12' 
were 

synthe^ed. It was shown by TIC and determination of the parKtion 
coef f icienN^etween organic and aqueous phases that the hydrophobicity 
of alkvlcobalamifte-aflduicyl-CYanocobalamins incceosecHSffi the chain 



I group introduced into cobol^in. Long chain 
/alkylcobalomins were cosily converted to oquocobalamin b 
photoir radiation, but the first-order rate constant of pho^lysis 
decreased with the length of an alkyi group. Long chain 
acyl-cyonocobalamins were gradually hydrolyzcd to cyanocoboFbrnin in 
neutral or alkaline solution with the pseudo-first order rate cmstant 
increasing with the pH of the solution. Stabilization of 
acyl-cyanocobalamins toward hydrolysis was achieved by introflucing a 
methyl group into the .AtPHA.-position of an acyl group. All trie long 
chain atkylcobalamins tested supported the growth of Esc^richia coli 
215, a cobalamin- or L-methionlne-auxotroph, and Lacto)racillus 
leichmannii, although their activity as cobalamin wos^ most 28% and 
) that of cyanocobalamin for E coli 215 and L^chmannii, 
pcctivcly. (author abst.) 



5/7/13 (Item 3 from file: 94) 
DrALOe(R)File 94:JICST-EPIus 

(c)2002 Japan Science and Tech Corp(JST). All rts. rcserv. 

00935537 JICST ACCESSION NUMBER: 90A0241399 FILE SEGMENT: 
JICST-E 

Isolation of extrocellular cobalt-free corrinoid from Methanosarclna 
barken, 

FUKUZAKI S (1); NISHIO N (1); NASAI S (1) 
(1) Hiroshima Univ., Higashi-Hiroshima, JPN 

Agric Biol Chcm, 1989, VOL53,N0.9, PAeE.2455-2460, Fie.4, TBL.3, 
ftEF.19 

JOURNAL NUMBER: &0021AAD ISSN NO: 0002-1369 CODEN: ABCHA 
UNIVERSAL DEaMAL CLASSIFICATION: 579:577.3 
LANGUAGE: English COUNTRY OF PUBLICATION: Japan * 
DOCUMENT T7PE: Journal 
ARTICLE TYPE: Original paper 
MEDIA T/PE: Printed Publication 



5/7/14 (Item 1 from file: 98) 
DIALOG(R)File 98:Gcneral Sci Abs/Full-Text 
(c) 2002 The HW Wilson Co. All rts. reserv. 

04674299 H.W. WILSON RECORD NUMBER: BGSA01174299 (THIS IS 
THE FULLTEXT) 

The secular trends in male:f cmale ratio at birth in postwar Industrialized 

countries. 
Jongbloet, Pict Hcin 

Zielhuis, Gerhard A; Grocncwoud, Hans M. M 

Environmental Health Perspectives (Environ Health Perspect) v. 109 no7 
(July 2001) p. 749-52 
LANGUAGE: English 
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ABSTRACT: Finnish investigators {Vartiainen ct al. Environmental Chemicals 
and Changes in Sex Ratio: Analysis Over 250 Years in Finland. Environ 
Heolth Perspect 107:813-815 (1999)) presented the sex ratio of all newborn 
babies from 1751 to 1997 in order to cvaluote whether Finnish long-term 
data ore compatible with the hypothesis that the decrease in the ratio of 
male to female births after World War I and World War II in industrial 
countries is caused by environmental factors. They found an increase in the 
proportion of moles from 1751 to 1920, which was interrupted by peaks in 
male births during World War I and World War II and followed by a 
decrease 

thereof tcr, similar to the trends in many other countries. The turning 
point of mole proportion, however, preceded the period of industrialization 
and introduction of pesticides and hormonal drugs. Thus, a causal 
association between these environmental exposures and this decrease is 
unlikely. In addition, none of the various family parameters (e.g., 
paternal age, maternal oge. o^e difference in parents, birth order) could 
explain the historical time trends. Vartiainen et al. concluded that at 
present it is unknown how these historical trends could be mediated. The 
postwar secular decline of the nuilc:f emale ratio at birth is not an 
isolated phenomenon and parallels the decline of perinatal morbidity and 
mortality, congenital anomalies, and various constitutional diseases. This 
parallelism indicates a common etiology and may be caused by reduction of 
conceptopathology, os a correlate to increosir^ socioeconomic development. 
An inverted dose response or the dose-response fallacy due to vanishing 



mole conceptuses explains the low sex ratios before World War I and World 
War II in newborns from black parents and from the lowest socioeconomic 
dosses. Reprinted by permission of the publisher. 

TEXT: 

Key words; neural tube defects, ovopothy, primary sex ratios, 
secondary sex ratios, socioeconomic patterning, tertiary sex ratios, 
vanishing male conceptuses. Environ Health Perspect 109:749-752 (2001). 
Online 13 July 2001 

http://ehpnetl.niehs.nih.gov/docs/2001/109p749-752jongbloct/abstrac 
t.html 

The decrease in the malc:f emale sex ratio at birth, or the secondary 
sex ratio (SSR), generally found in post- World War II industrialized 
countries, such as the United States (1,2), Canada (1), Denmark (1,3,4), 
Germany (5), The Netherlands (1,4,5), and Finland (6), is a subject of 
continuing debate. The main hypothesis Is that environmental chemical 
contaminants are responsible for this decrease. Fluctuation of the SSR has 
been promoted as a possible sentinel health indicator (4,7). However, 
current chemical pollution wos virtually absent during the 18th and 19th 
centuries, which were characterized by a continuing increase of the SSR 
(1,2,5), as stressed by Vartiainen et al. (6). Environmental chemicals, 
therefore, do not explain the increasing SSRs before World War I and 
World 

War II or the decreasing ones afterward. In addition, environmental 
chemicals are unlikely to account for the increasing SSRs found among 
neonates born to block parents in the United States (3), nonmetropoiitan 
areas of Italy (8), or low socioeconomic classes (9,10), compared to the 
simultaneously decreasing SSRs among those born to white parents in 
metropolitan areas or the upper classes. 

In this paper we focus on the maturation of the oocyte and 
liquefaction of the cervical mucus in animal and human reproduction. We 
also offer a unifying concept that explains the fluctuations in sex 
determination at conception, that is, the primary sex ratio (PSR), and the 
shorter male life expectancy at every age from conception onward. 
Mole-biased toss of pathologic conceptuses entails reversal of the 
secondary sex ratio (SSR) at birth; mole-biased loss of children and adults 
affects the decline of the tertiary sex ratio during life, causing the 
Increasing "gender gap." 

Unifying hypothesis on sex determination. The intricate connections 
between either equal proportions of each sex and optimal conceptions at the 
core of the fertile window of the menstrual cycle, or between 
disproportionate rotes of mole-biased and pathologic conceptuses outside of 
this window are due to periovulatory hormone voriotion, which 
simultaneously modulates cervical liquefaction and oocyte maturation. 

The cervical liquefaction plays a pivotal role in the migration of the 
spermatocytes (11), whereas developmental competence of the human oocyte 
Is 

acquired during follicle formation and meiotic progression (12). Before 
midcycle, both liquefaction of the mucus plug and maturation of the oocyte 
are modulated by estrogens. Concurrence of both facilitates equal access 
and fertilization of optimally matured oocytes by X- and Y-bcaring 
spermatocytes and full expression of the genetic potential result ir^ in 
good embryo quality. 

In contrast, nonoptimal liquefaction and maturation due to hormonal 
disturbances occur at the very beginning and the end of the fertile window. 
Because the head, length, perimeter, and area of Y-bearing spermatozoa are 
significantly smaller than those of X-bearing spermatozoa, and their necks 
and tolls ore shorter (13), differential migration of the Y-bearing 
spermatozoa (14) and preferential fertilization of nonoptimal ly matured 
oocytes are likely. The piciotropic nature of experimentally induced aging 
of the oocyte in animals before or after ovulation i.e. overripencss 
ovopothy (15-17) depends on molecular, biochemical, and physiologic 
processes in the oocyte, which encompasses both nuclear and cytoplasm 
constituents. The teratogenic results are Impossibility of fertilization, 
improper implantation, prenatal loss, transitory retardation in the rote of 
development, and a spectrum of anomalies such as deficiencies in 
organogenesis or differentiation in various tissues and organ systems. 
Thus, ovopathy entails comorbidity of a broad spectrum of mutually 
interrelated conditions, and the teratogenic components apparently depend 
on degree and pteio tropic nature of over ripeness ovopathy (18). 

Dose-response sex ratio increase and reversal as a dose-response 
fallacy. This mole-biased loss of conceptuses and individuals can evolve 
in sex ratio reversal, as shown by the overreprcscntotion of mole 
blastocysts or births in rabbits after a short delay in fertilization and 
sex ratio reversal after a prolonged delay (19,20). Positive and, after 
having surpassed a certain threshold, negative dose-response gradients ore 
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ABSTRACT: cntdot Objective: To study the biodistrlbutlon of a 

%%%vitamin%7o% 
%%%612%%% %%%analog%7o%, indium In Ul-labeled 
diethylenetriomlnepentaacetate odenosylcobolamln (In 111 DAC), in 
patients recently diagnosed as having primary or recurrent malignancy, 
cntdot Patients and Methods: Thirty patients (14 women and 16 men) with 
radlographlcally or clinically diagnosed breast, lung, colon, 
sarcomatous, thyroid, or central nervous system malignancies were studied 
prior to definitive surgery or biopsy. A maximum of 650 muCI (2.2 mug) of 
In 111 DAC was administered intravenously. %7o7oVltamin7o7o% 

7o7o7oB127o7o7oQnd 
folate levels were determined prior to injection. Serum clearance and 
urinary and stool excretion of the tracer were measured. Images were 
routinely obtained at 0.5, 3 to 5, and 20 to 24 hours after injection. 
Biodistrlbutlon of In 111 DAC was determined by computer analysis of 
regions of Interest, cntdot Results: Serum Tl/2 clearance was 7 minutes. 
Average urinary and stool excretion of the injected dose over 24 hours 
was 26.17o and 0.47o, respectively. The greatest focal uptake of In 111 DAC 
occurred in the liver and spleen, followed by the nasal cavity and 
salivary and lacrimal glands. The overage tumor uptake of the Injected 
dose was 27» at 30 minutes and 1.57« at 24 hours. High-grade prlnvary and 
metastatic breast, lung, colon, thyroid, and sarcomatous malignancies 
were all imaged at 3 to 5 hours after injection. Central nervous system 
tumors and advanced metastatic prostate 7«7»7ocancer7o7«7o were best 

Identified 

at 24 hours. MammographI colly occult, palpable, and nonpalpable breast 
7o7*7ocancers7o7*7o were delineated by In 111 DAC. Low-grade malignancies 

OS 

well as early skeletal metastatic disease were not effectively imaged by 
the 7o7o%vitamin7o7a7o 7p7*7oB127,7o7o tracer. Patients with elevated 
baseline 

7o7o7ovltamin7o7o7o 7o7»7oB127o7o7o or those concurrently taking 
corticosteroids 

appeared to have optimal visualization of their nuilignancles. cntdot 
Conclusion: 7fl%7»Vitamin7o7o7« 7o7o7»B127o7o7» may be a useful vehicle for 
delivering diagnostic and therapeutic ogents to various malignancies. 
Further evaluation of cobolamin %%%analogs7»%7a and their interaction 
with 

transport proteins and cellular receptors within malignant tissue and 
infection Is warranted 



fluoroalkylcobolamins was carried outjjging E. coli 113/3strain 
deficient In 7o%%vitam^n%%%''%^%B12*^%% and methionine. 
DIf luorochlormcJhyKobalamin (Cf 2CI-Cbl) exhibited the most dlst<(ict 
inhibitory etfict on growth of bacterial cells in the medium with 
cobalaroifirEf f ect of methyl cobalamin and CF2CI-Cbl on the 
7o7oji(prolif erativc7Q7q7fl activity of human embryonal fibroblasts was , 
fed 

medio of various composition. The 7fl7o7»prollf cratlve7o7»7ft activity of 
fibroblasts was distinctly Increased In the medium with methyl cobalami i 
at various periods of cultivation; the fraction of 3H-thymidlne labeled 
cells and the mitotic index were Increased. The distinct distinct 
decrease in amount of cells, synthesizing DNA and in their mitotic 
activity was observed In medium with CF2CI-Cbl. The data suggest/hat 

f luorochlormethylcobalamin affects the cell 7a%7»prolif eratlop%%7o as 
thJ ^ 

;thylcobalamirijjv€3?pcrlment5>tfrth bacterial 

cells 

and the primary culture of human embryonoLfitffob lasts. 
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Language; ENGLISH Document Type: ARTICLE 

Abstract: The Daphniphyllum alkaloids arc a group of highly complex 
polycycllc alkaloids. Examination of the structures if several members 
of this family of natural products led to a hypothesis about their mode 
of biosynthesis (depicted in Scheme I), Based on this hypothetical 
biosynthctic pathway, a laboratory synthesis was designed that 
incorporated as o key transformation the novel one-pot transformation 
of dialdehyde 24 to pentacyclic unsaturated amine 25, This process 
turned out to be on exceptionally efficient way to construct the 
pentacyclic nucleus of the Daphniphyllum alkaloids. However, a purely 
fortuitous discovery, resulting from accidental use of methylamine 
rather than ommonio, led to a great Improvement in the synthesis and 
suggests an even more attractive possible biosynthesis. 
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Abstract; The murine local lymph node assay is a predictive test method for 
the identification of contact allergens In which sensitizing activity 
is measured as a function of induced 7o7«%prolif eratlve7o%7ft responses In 
lymph nodes draining the site of application. In this article the 
development and validation of the assay ore described and comparisons 
with guinea pig predictive test methods discussed. In addition we 
examine the advantages and limitations of the method and consider new 
opportunities and applications of the assay in the context of the 
toxico logical evaluation of sensitizing potential. 
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ABSTRACT: CobaljrSin-dcf icient P388D1 mouse leukemic/ells were created 
by 

propagation in a cyan3»K)balamin-f rcemedium in whj^h the original fetal 
bovine serum was replaced by bovine serum albuomn. These 
cobalamin-dcf icient cells gradually ceased to raGltiply when the medium 
contained 5-methyltetrahyocofolate. The gr^th of cells that had been 
cultured with this coenzyme was recoverecr following the addition of 
cyanocobalamin(CNCbl). at concfintration/above 37pM. In contrast to tKe 
effect of CNCbl, cobinamide, and^bdamin %%7aanalogues%%ya prepfi^ed 
from hydroxy cobalamin by reactlonSffith ascorbic acid, did not have 
growth-inducing effect on these ce4lS^Qor did these 7o%7oanalogues%%7a 
inhibit CNCbl -dependent growth.^7<>%Tnariscobalamin%%% II-«roalamin 
complex had a remarkably stiminoting eff»t on cell growth. Tbte. growth, 
inducing effect became appar/nt with a coboTSmin concent ro^on of only 
0.37pM. This was about l/lOOth the level of frcKxobalanun required for 

. However, no orowth-ipducing effect vra^seen at on R 
tjrotcin-bound cobalamifVconcwrfration of 37pM, indiMtfra that once 
balamin has been bojsndt&ii protein, it loses its arowth^|NMmoting 
ef f cicj on these celj/yK^ulture. (author abst.) 
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The plasma protein 7o%%transcobalamin%%7s II (%%y»TCIl7e%% ) 
binds and 

delivers cobalamin (Cbl; %%7«vitamin%%% yo7«%B127o%7o ) to all cells, 
which 

internalize the yoy^yflTCIiyoyoyo /Cbl complex by receptor-mediated 
cndocytosis. 

Congenital deficiency of yoyo%TCII%%% results in intracellular Cbl 
deficiency, one effect of which is to disrupt DNA synthesis, leading to 
megaloblastic anemia. We report here on in vitro culture system in which 
cell growth is dependent on delivery of Cbl to cells by %%yoTCII%%%. 
Recombinant human holo-%%yftTCII%%% was shown to support in 
dose-dependent 

manner the growth of the human erythro leukemic cell line K562 and the 
murine lymphoma cell line BW5147. Free Cbl also supported cell growth: 
however, at 100- to 1,000-fold higher concentrations than those effective 
in the presence of apo-%%yoTCII%%%. To determine if cellular depletion 
of 

Cbl could be achieved by interfering with interactions between 

/Cbl and its cell -surface receptor, several monoclonal antibodies raised 
against human yg%%TCII%%% were studied. Three antibodies, found to 
compete 

for the same binding site on %%%TCII%%%, proved to be effective 
inhibitors 

of %yo%TCir/oyoy6 /Cbl-dependent cell growth. Our results suggest 
that 

monoclonal anti-7*yo%TCII%7oyo antibodies that block the function of 
this 

protein may prove useful in antitumor therapies. 
Record Date Created; 19970127 



YANOCOBACAMIN BY L-1210 LEUKEMIC 



00929909 
METABOl/ 
LVMPHp^ASXS 

' ANOCOBALAMINE PAR LES 
5THS DE LA ^ - 
1210) 

R A; RYEL E M; MEYER L M 
t. CANCER CENT., BIRMINSHAM.ALA. 35294 
lurnol: PROC. SOC. EXPER. BIOL. MED., 1975, 149 (2) 384-388 
lability: CNRS-3031 
No. of Ref s.: 10 REF. 

Document Type: P (SERIAL) ; A (ANALYTIC) 
Country of Publication: USA 
Languoge: ENGLISH 

LES CEUULES DE L-1210 NE CONTIENNENT PAS EUES-MEMES , 
DE PROTEINE 

%%%ANALOGUE%%% A LA TRANSCOBALAMINE II (%%%TCII%'//0 ^ 
ANS LA PHASE SOLUBLE 

TOPLASMATTQUE. UNE PORTION DE LA VITAMINE 
L^te A CETTE PROTEINE 

aNti^ CONVERTTE EN FORMES ADENOSYL- ET METHYj^T ^TS 
FOR>(&S COENZYMATIQUES 

PEUT-ETRE TIIANSFORMEES A L'EXTERIEUR DE^ CEktTULE 



3/7/37 (Item 1 f romtifeHdS)- 
DIALOG(R)File 155:MEDLINE(R) 

09246625 97132938 PMID: 8978297 

Antibodies to %y€>%transcobalamin%%% II block in vitro proliferation of 
leukemic cells. 

McLean G R; Quadros E V; Rothenbcrg S P; Morgan A C Schroder J 
W; 

Ziltener H J 

Biomedical Research Centre, University of British Columbia, Vancouver, 
Canada. 

Blood (UNITED STATES) Jan 1 1997, 89 (1) p235-42. ISSN 
0006-4971 

Journal Code: 7603509 
Contract/Grant No.: RO1-0IC28561-14; DK; NIDDK 
Document type: Journal Article 
Unguages: ENGLISH 
Main Citotion Owner: NLM 
Record type*. Completed 



3/7/38 (Item 2 from file; 155) 
DIALOG(R)File 155:MEDLINE(R) 

07987340 94125560 PMID; 8295340 

%%%Vitamin%%% yoyo%B12yoyo% and 7*%yotranscobalaminycyo% in 
chronic 

myeloproliferative disorders] 
Iseki T 

1st Department of Internal Medicine, School of Medicine, Chiba 
University. 

Rinsho byori. The Japanese journal of clinical pathology (JAPAN) Dec 
1993, 41 (12) pl310-21, ISSN 0047-1860 Journal Code: 2984781R 
Document type: Journal Article ; English Abstract 
Languages: JAPANESE 
Main Citation Owner: NLM 
Record type: Completed 

Although %%yovitamin%%% yo%yoB12%%y(> is an essential coenzyme for 
DNA 

synthesis, humans, like other mammals, are incapable of synthesizir^ it. 
The role of intrinsic factor (IF) in %%yoB12%%% absorption is widely 
known, 

but, in fact there exists a much more intricate and complex mechanism for 
the effective assimilation of this important trace element in humans. 
%%yeB12%ya% binding proteins play important roles in all stages of 
%%%vltaminy«yo% %y«%B12yoyoy« metabolism. They are involved not only 
in its 

absorption, but also in its transport in scrum, uptake to cells, storage in 
organs, enterohepatic circulation, and elimination of its %%yoanaloguesyo%%. 
Besides IF, well-known as a %yoyovitamin%y.ya %y.%B12%%% binding 
protein found 

in gastric juice, there are other kinds of binding proteins found in human 
serum which are composed to %%yotranscobalamin%yoyo (TC) I, Hand 

in. 

Elevation of the %%yovitamin%%% %%%B12%yo% level in chronic 
myelogenous 

leukemia was first reported in the 1950s. Since then, %%%B12y<,%yo 
elevation 

has been found to occur in other kinds of chronic myeloproliferative 
disorders (CMPDs) as well and to be caused by an increase of scrum TC. In 
CMPDs, either TCI or TCIII increases, but, the degree of elevation and the 
type of TC involved differs for each disorder. This article describes the 
changes in TC of CMPD patients. With the induction of the developed 
radioimmunoassay for R-type %%%B12%%% binding protein, many cases have 
been 
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RECOGNITION BY 
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Journal: EUROPEAN JOURNAL OF BIOCHEMISTRY, 1991. V199, N2, 
P299-303 

Language: ENGLISH Document Type: ARTICLE 

Abstract: The binding of several corrinoids to the binding site of human 

intrinsic factor, %%%transcobalamin%%% or haptocorrin was 
investigated. 

p-Crcsolyl cobamide and 2-amino-7oyo%vitQmin%%% B-12 are complete 
corrinoids, whose nucleotide at the lower face of the corrin rir^ is 
not coordinated to the cobalt. These corrinoids were 
greatcr-than-or-equai-to 10(3) times less efficiently recognized by 
intrinsic factor or %%%transcobalamin7«7o% than %%%vitamin%%7» B-12, 
which 

contains a Co-coordinated nucleotide. Pscudovitamin B-12. With a weak 
Co-N coordination bond, revealed only moderate affinity to intrinsic 
factor. From these findings it is concluded that the cobamide binding 
to intrinsic factor and 7o%7*transcobalamin7o7oyo is strongly affected by 
the Co-N coordination bonds of their lower cobalt nucleotide ligands. 
We suggest that the Co-N coordination bond positions the nucleotide at 
a critical distance to the corrin ring, which is recognized by the 
bindif^ proteins. 

Human haptocorrin, however, disclosed to distinctive selectivity 
regarding the different corrinoid structures. The protein bound all 
corrinoids with similar efficiency, independent of the strength of 
their Co-N coordinations, or the structures of their lower 
Co-olpha-ligands. Hence, the corrin ring, rather than a structural 
feature induced by the Co-N coordination, has to be considered 
responsible for the corrinoid binding to haptocorrin. 
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Abstract: The binding of the cobalamin-%%7otranscobalamin7o%7o complex 
by its 

solubilized receptor from hog kidney membrane was studied. The 
receptor bound the complex in a system containing bivalent cations, and 
the affinity was dependent on the NaCI concentration but not on 
temperature. The binding of cobalamin-%%7otranscobalamin%%7c» to the 
receptor had an association constant of approximately 4.6 x 10(9) 
liter/mol and it was saturable and highly specific as 7o7e7oCompetition7Q%7o 
by other proteins was not observed. The receptor had higher affinity 
for the cobaIamin-7o7o%transcobaIamin7Q7o7o complex (holo-TC) than for 
%%yotranscobalamin%7«% (apo-TC). Basic amino compounds known to 
interfere with tubular reabsorption of proteins did not inhibit the 
binding. Studies on subcellular fractions supported the view that the 
receptor was located on the brush border membrane of the kidney 2. 
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p.385-410 

l6blication Year: 1999 
Editors: Boner jee, R. 
' Publisher: John Wiley and Sons - New York, USA 
ISBN: 0-471-25390-1 
Language: English 
Document Type: Miscellaneous 
This chapter examines the diagnostic and therapeutic 
7o7ft7oanalogues7«%7» of 

7o7«7<.vitamin7*7p7o 7<»7o%B127o7o7o . Section headings include: Transport 
of 

cobalamins; Absorption of cobalamins: Modification of cobalamins; 
Diagnostic and therapeutic cobalamin 7o7o7»analogues7oy«7«; Cobalt 
substitution; 

Radioiodination of cobalamin; Cobalamin-chelator biocorijugates; 
Gadolinium-labelled cobalamin; Therapeutic uses of cobalamin/ 
7o7o7oanalogucs7«7o7o ; Targeted drug delivery; Depletion and depletion 
.of 

\cobalamin; Bioconjugate structure and recognition by 
!^otranscobalamin7o7o7»; 
ana'B^livery of therapeutic agents. 72 ref. 
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his book examines the chemistry, biochapiatfy apd^biology of 
;^«V'tamin7o7o7o 7o7o7oB127o7o7o . Indi^idofil^hpptc^s focus 
X-i 

/■ry<trtilrtjrrtpky~-ju^/ty n^^^ptimw>ptfrtr/^g/-ftpy fhc roteS of CObolt, 

corrin and protein; electron paramagnetic resonance of 
7o7Q7ovi tami n7o7o7o 

7o7o7oB127«7«7e -dependent enzymes; NMR spectroscopy; magnetic field 
dependence 

of cobalamin photochemistry and enzymes; stereospecif icity of the 
coenzyme 

7a7o7oB12%7«7«-catalysed rearrangements; %7o7cB127«%% 
electrochemistry and 

organometallic electrochemical synthesis; 7o7o7ovitamin7o7o7o 
7o7,%B127»7o7o and 

nutrition; inborn errors of cobalamin metabolism; di agnostic and 
the rapeutic %7o7(ianalogues7B% 7<. of cobalamia" intrinsic factor, 
haptocorrin 

and their receptors; 7o%%transcobalamin7o%7a II; mammalian receptors 
and 

7o7»%vitamin7o7o% 7o%7oB127D%7o-binding proteins; cobalamin transport in 
bacteria; 

biosynthesis of %7o%vitamin%7a7» %%7oB127«7o% in Pseudomanas 
denitr if icons; 

biosynthesis of the 5.6-dimethylbenzimidazole moeity of cobalamin and of 
the other bases found in natural corrinoids; regulation of adenosyl 
biosynthesis in Salmonella typhimurium; acetogcnic corrinoid proteins; the 
role of corrinoids in methanogenesis; cobalomin-dependent methionine 
synthase; methylmolonyl-CoA mutase; ribonucleotide reductases; 
glutamate 

mutase and 2-methyleneglutarate mutase; diol dehydratase and glycerol 
dehydratase; ethanolomine ammonia- lyase; aminomutases; isobutyryl-CoA 
mutase; and reductive dehalogenases. Many ref. 



unnecessary. The binding capacity of TFS does not increase significantly 
with increasing concentrations of cyonocobalamin as does the binding 
capacity of intrinsic factor, normal scrum or 7«7«%transcobalamin%%% I. A 
sir^le extract was prepared from each of 44 sera and measured for 
7»yfl%vitamin7«7»% 7o7o7oB127o7o7o content simultaneously by the TFS assay 
and the 

conventional microbiologic method using Loctobocillus leichmannii. The 
values obtained with TFS were in each instance higher than those obtained 
by the microbiologic assay (P < O.CX)l). 
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Abstract: Changes in the absorbance spectrum of aquo-cobalamin (Cbl.0H2) 
revealed that its binding to 7o7e7»transcobalamin7o7o7o (TC) is followed by 
slow conformational reorganization of the protein- 1 igond complex 
(Fedosov, S. N., Fedosovo, N. U., Nexo, E., and Petersen, T. E. (20CX)) 
J. Biol. Chem. 275, 11791-11798). Two phases were also observed for TC 
when interacting with a Cbl-%7o%analogue7o7(>% cobinamide (Cbi), but not 
with other cobalamtns. The slow phase had no relation to the ligond 
recognition, since both Cbl and Cbi bound rapidly and in one step to 
intrinsic factor (IF) and hoptocorrin (HC), namely the proteins with 
different Cbl specificity. Spectral transformations observed for TC in 
the slow phase were similar to those upon histrdine complexatlon with 
Cbl.0H2 and Cbi. In contrast to a closed structure of TC.Cbl.0H2, the 
y«7«7oanalogous7t.7o7o IF and HC complexes revealed accessibility of Cbl' s 
upper face to the external reagents. The binders decreased sensitivity 
of adenosyl-Cbl (Cbl.Ado) to light in the range: free ligond, IF., HC, 
TC.Cbl.Ado. The spectrum of TC.Cbl.Ado differed from those of IF and 

HC 

and mimicked Cbl.Ado participating in catalysis. The above data suggest 
presence of a htstidine-contalnlng cap shielding the Cbl-bindlng site 
in TC. The cap coordinates to certain corrinoids and, possibly, 
produces an incapsulated Ado-radical when Cbl.Ado is bound. 
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Abstract: 7o7o7oVitamin7o7<»7« 7«7o7oB127o7*7* assimilation might be disrupted 
In 

patients with Alzheimer's disease. We therefore measured yo7»7oB12%7o7o 
carrier protein saturation and inactive 7»7o7eB12%7o7o 

'%7e7oanalogue5%7o%' In 
patients compared with healthy elderly individuals in a prospective 
case-controlled survey. Twenty-three patients, aged 60 or over, with 
features compatible with DSM-IV criteria for primary degenerative 
dementia of the Alzheimer type were recruited together with 18 
cognltlvely Intact age-matched control subjects. Total 7o%7ovitamln%7<»7o 
%7»%B12%%% (active corrinoids), holo- and opo- haptocorrin and 
7o7o7<.transcobalamln7oyo7o were measured in serum. 7fl7«7gB12y»7«7» 

7.7o7<Analogues%7o7. 
(inactive corrinoids) were estimated from the difference between 
R-binder-determined corrinoids and on intrinsic factor based 

7o7o7oB12%7o7o 

assay. Alzheimer patients hod significantly lower active corrinoid than 
control subjects a nd the 7o7o7oanaloguc7o7o7o/corrlnoid ratio was 
significantly higher in the Alzheimer group. The inter-relationship 
between age, 7«.7»7oanalogues7»yo7o and 7o7«7otranscobalaminyo%7o polarised 
patients Into two distinct groups. Two disparate mechanisms might exist 
for the development of cerebral %7o7oB127e7o7o deficiency in Alzheimer's 
disease, although both imply a disruption of selective 7o7oyoB12yo7o7o 
osslmi lotion ond %%y«analogue7o7«>7o elimination In such patients. Copyright 
(C) 2001 S. Kargcr AG, Basel. 
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Abstract; Several cobalamin (Cbl) dimcrs have been prepared for evaluation 
as potential antiproliferative agents in the treatment of AIDs/related 
lymphoma. The Cbl dimers were synthesized by cross-linking Cbl 
carboxylotes, produced by odd hydrolysis of the b-, d-, and ^ 
e-propionamide side chains of cyanocobalamin (CN-Cbl), through an 
isophthalote molecule. Linking molecules were used between the Cbl 
larboxylotes and the isophthalote moiety. The linkers were incorporated 
t\ provide a distance between the two Cbl molecules su(ih that the 
dimeric Cbis might bind two molecules of %yo7etranscoDalamln%7«% II ( 
%7o%TCIiyoyg7e), the Cbl transport protein in plosmd Initially, the 
linkingNnoiety used was 1,12-diaminododecanc, bur hhe resulting dimcrs 
had low otfucous solubility. To Improve the soluwiity of the dimers, 
4,7,10-trloxb^,13-tridecanediamlnc was^n(ployed as the linking moiety. 
This improved thesStfoter solubilit^jjf^^ dimcrs considerably, while 
retaining the distanccBcTwccnthe Cbl molecules at 41-42 Angstrom 
(fully extended). To introduce additional substitution on Cbl dimers, 
5-aminoisophthalic acid was used as the cross- 1 inking reagent. 



/ 
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ABSTRACT: By starch gel electrophoresis and autoradiography 2 classes of 
7o7»%vitamin%%% 7o7«7oB12%%% binding proteins were detected in rabbit 
scrum. 

By 7o7«7«analogy7e7e7« to the nomenclature used in mon, the 2 classes of 
proteins were named %%y»transcobalamin7»7«7e I (TCI) and 

7o%%transcobalamin%7o7Q 
n (%y.%Tai%7a7o). Fifteen XVMCILVM phenotypcs were observed, 

and family 

data indicated that they are controlled by 5 allelic codominant genes. 
The possibility that the 5 genes arise from the action of at least 2 
polymorphic and closely linked structural loci is discussed. 
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ABSTRACT: 7„7«%Analo9^%7^%3f.<:6&alamin (Cbl; 7«7o7ovitamin7o7«7o 
ltiBg%%%iaD 

prevalcntmTRmif'cara result of bacterial synthesis and are of 
additional interest because of their potential use as antimetabolites and 
chemotherapeutic agents. Fourteen Cbl 7o7o7«onalogsy»7«7« containing 57Co 
were 

synthesized and their gastrointestinal absorption, plasma transport and 
cellular retention were compared to that of [58Co]Cbl in rabbits. Many of 
the Cbl 7«7o7oanalogs7fl7o7<. were bound with low affinity by intrinsic factor 
and none of these [57CO]Cbl 7o7«7oanalogs7<,7o7e were taken up by the ileum 
or 

absorbed into the body in amounts comparable to that of [58Co]Cbl. The 
Cbl 7»%7oanalogs7a%7(> that were bound by intrinsic factor with high 
affinity 

were taken up by the ileum but in many cases were retained there in 
significant amounts. Most of the Cbl 7o7o7oanalogs7e%% were bound by 
plasma 

7o%7otranscobalamin7»%7o II with high affinity and all of these 
7Q7«7atranscobatamin7e7o7o II-[57Co]Cbl 7(.7o7oanalog7q7»7o complexes were 
taken up by 

a variety of tissues in a manner that was indistinguishable from that of 
%7,%transcobalamin%7o7, II-t58Co]Cbl. The few 7o7o7oanalogs7o7*7o that 
were bound 

by 7oyo7*tronscobalamin7o7e7o II with low affinity were taken up by tissues 
in 

lesser amounts and 20-707o of these y*7o7oanalogs7o7o7» was rapidly 
excreted in 

the urine as occurs with native Cbl when it is present in plasma in 
unbound form. All of the Cbl yo7o%onalogs7fl%7« were bound by the 
granulocyte 

R-typc Cbl-binding protein with high affinity and all of the R-type 
protein [57Co]Cbl %7o7oanalog7o7*% complexes were cleared rapidly from 
plasma 

exclusively by hepatocytes as occurs with R-type protein-t58Co]Cbl. Some 
Cbl %7»%onalogs7o7o7o were released back into the plasnui and were 
disseminated among o variety of tissues via ya7o7«transcobotamin7e7o7e II as 
occurs with native Cbl. Other Cbl 7Q%%analogs7o%% were retained in the 
liver and eventuolly excreted in the feces and urine without accumulating 
in other tissues. Intrinsic factor and the ileum prevent certain Cbl 
%%%analogs7»%% from entering the body and the granulocyte R-type 
protein 



and hepatocytes prevent the dissemination of certain Cbl 7o7o7oanalogs7o7o7o 
that may gain entry, such as during infections with Cbl 7a7o7oanalog7»7o7a 
-producing bacteria. The fact that 7o7o7«transcobalamin7o7<»7« II binds and 
transports a targe number of Cbl 7o7a%analogs%7o7o indicates that these 
protective mechanisms can be circumvented and supports the feasibility of 
using Cbl 7«7o%analogs7e%7o as antimetabolites in vivo. 
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JOURNAL: ARCH BIOCHEM BIOPHYS 184 (1). 1977 135-140. 1977 
FULL JOURNAL NAME: Archives of Biochemistry and Biophysics 
CODEN: ABBIA 
RECORD TYPE: Abstract 
LANGUAGE: ENGLISH 

ABSTRACT: Rh and Cu 7o%%analogs7o%% of various cobalamins produce a i 
anti- 

7o7o7ovitaminyo7o7o %%%B12%yo% effect in bacteria, suggesting that a 
similar 

inhibitory activity could be demonstrated for h^man cells. The 
%%yoanalogs%yg% competed effectively with cyonocobalamin for binditig by 
human serum transcobalami ns. Mcthylrhodibalamin and 
5'-deoxyadenosylrhodibalamin also competed with cyonocobalamin fof 
serum-medlatcd uptake by human blood cells and bone marrow ceils/though 
the %%yQCompetitionyg%% was relatively weak when compared to tblc 
effective 

%yo%compctition%%% for 7o%%transcobalamtn%%% II binding, bione of 
the 

%7<.7oanalogsyoyoyo affected normoblastic bone marrow cells, u/ng 
dcoxyurldinc 

suppression of [3H]thymidine incorporation Into DNA as th^ index of 
%%%vitamin%%% yo%%B12%%7« sufficiency. MethylrhocKbalamin actively 
corrected the abnormality in %%%vitamin7«yoyo yQyoyoaJ2%%yo-def icicnt 
bipne 

rqrrow. However, 5'-deoxyadenosylrhodibalajjM*t^orsened the 
yo%^^min%yoyo 

%%7QBi^%^%-def icient behaviorjjf'tfiegaloblastic bone marrow and 
Inhibited 

its correction by %yoyovitamin%yoyo 7o%%B12yo%% and may even have 
advesely 

affected 1 of the 5 normoblastic marrows tested. 
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CODEN: JNMEA 
RECORD T/PE: Abstract 

ABSTRACT: Toad fish serum (TFS) offers several advantages over other 
proteins as the binder in a %7«7eCompetitivey<i%y«-binding assay for 
%yeyovitamin%ya% ya%%B127»%y«. it \% unaffected by pH changes in the 

range 

5.6-9.4 or by the addition of human serum albumin. Prolonged incubation 
with charcoal docs not disrupt the TFS-cyanocobolamin bond, and the 
addition of albumin as a protein source in the standard tubes was proven 



Jul 

16 1996, 224 (2) p358-61, ISSN 0006-291X Jourreil Code: 0372516 
Document type; Journal Article 
Languages: ENGLISH 
Main Citation Owner: NLM 
Record type: Completed 

In the human, coenzyme QIO (%%%vitamin%%% QIO) is blosynthesizcd 
frpm 

tyrosine through a cascade of eight aromatic precursors. These precursors 
indispensably require eight vitamins, which are tetrahydrobiopterin, 
vitamins B6, C, B2, %7o%B127o7e%, folic acid, niacin, and pantothenic acid as 
their coenzymes. Three of these eight vitamins (the coenzyme B6, and the 
coenzymes niacin and folic acid) are indispensable in the biosynthesis of 
the four bases (thymidine, guanine, adenine, and cytosine) of DNA. One or 
more of the three vitamins required for DNA arc known to cause 
abnormol 

pairing of the four bases, which can then result in mutations and the 
diversity of %%%cancer7o%%. The coenzyme B6, required for the 
conversion of 

tyrosine to p-hydroxybenzoic acid, is the first coenzyme required in the 
cascade of precursors. A deficiency of the coenzyme B6 con cause 
dysfunctions, prior to the formation of %%%vitamin7o%% QIO, to DNA. 
Former 

data on blood levels of QIO and new data herein on blood levels of 66, 
measured as EDTA, in 7*%%cancer7»%% patients established deficiencies of 
QIC 

and B6 in 7©%yocancer%7»%. This complete biochemistry relating to 
blosyntheses 

of QIO and the DNA bases is a rationale for the therapy of 
%76%cancer%yo% 

with QIO and other entities in this biochemistry. 
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0550^6 87259376 PMID: 3601319 
Exfierimental study of antitumor effect of methyl-%yo%Bl; 
nimizu N; Hamazoe R; Kanayama H; Mae to M; Koga S 
Oncology (SWITZERLAND) 1987. 44 (3) pl69-73, ISSN 00: 

I Code: 0135054 
Document type: Journal Article 
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Main Citation Owner: NLM 
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We examined the antitumor effect of 7o%%vitamin7oyo% 7o7o7eB127o7g' 
(methyl- 

7o7o%B127<,%7o ) using C3H/He, C57BL/6 ond BALB/C mice for animals ai 
MH134 

hepatoma ascites cells, Lewis lung 7aya7ecancer7o7o7o cells and Ehrlich 
ascites 

tumor cells for tumor cells. At 1.0-10 micrograms/ml, 
methyl-ya%B12%7o7o 

enhanced PHA- and Con-A-induced lymphocyte blastof ormation of C3H/He 
mice. 

The growth of MH134 tumors on the bocks of C3H/He mice were 
suppressed by 

the 7-day administration of 50 or 100 micrograms/day i.p. and their 
survival was longer than that of untreated mice. However, 
methyl-y«%yoB12%7o7« 
administration did not positively affect the survival of C3H/Hc mice tKat 
had been Irradiated with 60Co 300 R on the day before tumon 
inoculation. The growth of Ehrlich ascites tumor cells inoculated/into 
BALB/C mice was also reduced ot 17 and 19 days after tumor ip«uIation by 
administration of methyl-7o7o7*B127o7o7« 50 micrograms/d^y^ ^.p. and the 
mice 

\survlved longer than the untreated mice. 
Record Date Created; 19870727 
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Serum %7»%vitamln%7*7o %7«7»B12%7«% levels In patients with 



primary 

hepatocellular corclnoma during treatment with CB3717. 

Buamah P IC James O F; Skillcn A W; Harris A L 

Journal of surgical oncology (UNITED STATtS) Feb 1987, 34 (2) 
plOO-3 

, ISSN 0022-4790 Journal Code: 0222643 
Document type; Journal Article 
Languages: ENGLISH 
Main Citation Owner: NLM 
Record type: Completed 

Elevated Serum 7o7o7oB127o7o7« levels were found at diagnosis in five of 
eleven 

patients with primary hepatocellular carcinoma. During chemotherapy either 
with CB3717 or VP16 the serum 7o7o7«B127o%7« rose dramatically. In one 
case 

reaching levels ten times the upper limit of normal. However, the serum LD 
activities did not change in parallel with the serum 7»7«7oB127o7«ye levels 
suggesting that there was little necrosis of the tumour or the liver. With 
two out of five patients with other types of yo7*7ocancer%7o7o the 
serum 

ya%7<iB12%%yo levels also increased but less markedly. This data seems 
to 

suggest that the serum 7o7o7oB127o7«7o level may not be as good a tumour 
marker 

for hepatocellular carcinoma as has been suggested and indeed may be 
influenced by the chemotherapeutic agent. 
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Synergistic growth inhibiting effect of nitrous oxide and cycloleucine In 
experimental rat leukaemia. 

Kroes A C; LIndemans J; Abels J 

British journal of cancer (ENGLAND) Dec 1984, 50 (6) p793-800, 
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Nitrous oxide (N20) inactivates the %%7ovitamin7e7o% 
7o7*%B127o%%-dcpendent 

enzyme methionine synthetase with subsequent impairment of folate 
metabolism and a reduction of cellular 7o7<»7*prolif eratlon%yo%. Indications 
exist that this effect is antagonized by S-adcnosylmethionine (SAM), and it 
was investigated whether combination with an Inhibitor of SAM synthesis, 
cycloleucine, would result in Increased inhibition of growth in rat 
leukaemia model (BNML). Leukaemic growth was compared In untreated rats, 
in • 
rats treated with either nitrous oxide/oxygen (1:1) or cycloleucine (50 mg 
kg-1 i.p.)» and In rats receiving both agents. Combined treatment resulted 
In the strongest reduction of leukaemic Infiltration in Spleen and liver, 
and this reduction often was more than the added effects of single 
treatments. Peripheral leukocyte counts were also lowest after combined 
treatment. The dcoxyurldlne suppression test, measuring f olote-dependent 
de 

novo synthesis of thymidine, was more severely disturbed with combined 
treatment. Levels of yoyo%vitamin7o%7o 7o7oyoB12%%% in plasma were 
reduced in rats 

receivir^ N20, but on Increase in plasma folate occurred in all treated 
rats. These results indicate that a reduction of SAM synthesis by 
cycloleucine can increase the disturbance of folate metabolism that is 
caused by nitrous oxide, with a potentiation of the effects on leukaemic 
growth. 

Record Date Created; 19850117 



5/7/39 (Item 13 from file: 155) 
DIALOG(R)Flle 155:MEDLINE(R) 

04216788 83211490 PMID: 6602086 

%%yoVitamin7o%% 7*yo%B127o%% as a regulator and methotrexate 
as on 

%%%antagonlst%%% of folic acid metabolism. Pathophysiologic and clinical 



intact guinea pigs end nondissociabic radioactivity was extracted 2-4.5 h 
later. The proportion of extracted 57Co eluting as free cobalcmin 
increased to 39-46%, that eluting as intrinsic f actor-cobalamin complex 
declined to 22-4570, and 9-34% now eluted as a mocromolecule that 
reacted 

with cntitranscobalamin II 7o%%antibody%7»% but not ant i intrinsic factor 
y«%7oantibody7o7o7o. Extracted 35S radioactivity eluted in several peaks in 
addition to the intrinsic factor peak. After reversible attachment of 
intrinsic factor- cobalamin complex to its ileal surface receptor, an 
energy-dependent process prevents removal of the complex from the cell 
surface by EDTA or acid; cobalamin dissociates from intrinsic factor and, 
as suggested by previous workers, binds to a molecule antigenicoily 
similar to %7o7otranscobalamin7a%7o II; and intrinsic factor is slowly 
degraded and forms breakdown products that are detectable in ileal 
extracts. 
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IMMUNO BLASTTC LYMPH ADENOPATHY 

AUTHOR: VAN DIJK Y hK: HEYD Y; DOLLBERS L 

AUTHOR ADDRESS: DEP. SERIATTl., DAY HOSP., JERUSALEM. 

JOURNAL: HAREFUAH 100 (1). 1981. 12-17, 55. %%%19817*7«% 

FUa JOURNAL NAME: Horefuah 

CODEN: HAREA 

RECORD T/PE: Abstract 

LANGUAGE: HEBREW 

ABSTRACT: Immunoblastic lymphadenopathy (ILD), first described in 1974, 
affects mainly lymph nodes and lymphoid organs and typically manifests 
itself by generalized lymphadenopathy, hepotosplenomegaly, fever, rash, 
hypergammaglobulinemia and Coomb 's-positive hemolytic anemia. The 
diagnosis is made by finding the typical polymorphic picture of 
proliferating small vessels, immunoblasts and deposits of amorphous 
interstitial material in the affected nodes. Three cases of ILD are 
described. One patient survived for 2 yr after diagnosis, went into 
remission after a course of combined chemotherapy (COPP) 
[cyclophosphamide, Oncovin, procarbazine and prednisone], relapsed after 
antibiotic treatment and died of sepsis after transformation of the 
disease into immunoblastic sarcoma. The other 2 patients died of sepsis a 
few months after diagnosis, although no malignant change was found In 
repeated biopsies. In one of them, monoclonal gammopathy (IgG. KAPPA.) 

was 

demonstrated. In this patient, anti smooth muscle 7»7o7«antibody7o7o7o, a 
positive latex test for rheumatoid factor, a low complement level. 
Coombs' -positive hemolytic anemia and reduced migration of lymphocyte 
surface receptors to concanovalln A were found. This phenomenon has been 
described as typical of lymphocytes of malignant lymphoma and chronic 
lymphatic leukemia. Of the level of 7o7o7(.transcobalamin%7o7o II was high in 

2 

patients in whom it was tested. This phenomenon has also been described 
as occurring in lymphoprolif erative diseases. 
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LANGUAGE: ENGLISH 

ABSTRACT: Reactivity between antihuman 7o7«»7«transcobalamln7o7o7o (TC)II 
and the 

TC II from 8 species [baboon, dog, rabbit, guinea-pig, goat, horse, pig 
and chicken] of animals was evaluated by a radioimmunoassay for human TC 
II. None of the animal TC lis reacted to the same degree as on equal 
amount of human TC II, although the TC II of the boboon expressed 
partial 

reactivity. The function of each TC H in promoting the uptake of Cbl 
(cobalamin) was evaluated by exposure to cultured human HeLo cells and 
human lymphocytes. There was considerable variation ^in potency with some 
TC II having no effect, while others, such as that of the baboon, were 
almost as active as human TC H. The same species of TC II expressed 
varied potency for promoting uptake by murine fibroblasts as well. 
7c.7o7oAntibody7Q7*7o against human TC II and the TC II mediated complete 
uptake 

of Cbl by human cells exhibit species specificity. The TC Il-Cbl from 
some species was less effective than murine TC Il-Cbl or the murine L-929 
system, but some forms of TC Il-Cbl were more effective. 
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ABSTRACT: The simultaneous occurrence of blocking and binding 
7o7o7oantlbodies7*7o7o to intrinsic factor (IF), yo7*7otranscobalamin7o7«7» (TC j 

I) and other R type vitamin B12 proteins in the scrum of a patient 
1 treated pernicious anemia (PA) was reported for the 1st time. The 
^lyzed and purified immunoglobulin (Ig) G, but not the IgM, from a PA^ 
patient neutralized the total unsaturated vitamin B12 binding capacity 
2BC) of hunwin gastric juice, saliva and serum and also of rabbi ty 
seruim suggesting that the PA IgG contained blocking 7a7a7oantibocK&s7o7o7o 
againstiP, TC II, TC I and other R-binders. In addition, the PA/IgG and 
IgM prepa(;atlons contained binding %7(i7(iantibodies%%% slnc^hey could 
form 

macro molecular^fcetnplexes with 57Co-B12 bound to JPfTC I or TC II so 
that 

each one of the latter wos toraiiy exciu(Jed from Sephadex G-200. The 
presence of the binding 7e7e7oantibodies7o7o7o was further confirmed by the 
formation of radioactive precipitation lines on agarose with each of the 
vitamin B12-bindcrs bound to 58Co-B12. The PA serum did not exhibit any 
measurable UB12BC after dialysis against 7.5 M guanidine-HCl followed by 
renaturation with phosphate buffer (pH 7.4). It formed TC I and TC II 
complexes with 57Co-B12 when the latter was added during the 
renaturation 

step, indicating that the serum contained circulating Ig-TC complexes. 
The blocking 7o7«7oantibodies7e%7o should be distinguished from the 
previously 

described binding 7e%%antibodie57e7o7e. The blocking of the binding of 
vitamin B12 to TC resulted in lower serum vitamin B12 levels in the 
present case in contrast to the presence of binding 7o%%antlbodles%%% 
where high serum vitamin B12 levels were reported. The binding 
%%7eantlbodies%%% form immunocomplexes with TC which can easily be 
detected because they can bind radiooctive vitamin B12 while the 
corresponding immunocomplexes of blocking %%%antibodles7a%7e ore 
hidden 

because they prevent the blndlr^ of the vitamin to TC. 
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autoimmunity in order to study the pathogenesis of pernicious anemia. 
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Abstract: The proximal tubule in the kidney is a main organ for the 
metabolic cleorance of snvill peptide hormones, and is intensively 
involved in reabsorption, storage and homcostotic regulation of 
different vitamins. Recently, the endocytic membrane protein megalln 
has been shown to bind severol smaller peptides, including insulin and 
epidermal growth factor, as well as to bind and mediate uptake of 
y9%%transcobatamin%%%-6'12, attracting new attention on the cellular 
mechanisms involved in these processes. 
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Abstract: Cobalamin (vitamin 6-12) is an essential nutrient derived 
exclusively from bacterial sources. It is on essential cofactor for 
three known enzymatic reactions. Untreated deficiency, caused by either 
the autoimmune disease pernicious anemia or nutritional lack, results 
in a macrocytic anemia and/or subacute combined degeneration of the 
spinal cord and is eventually fatal. Cobalamin in serum is bound to two 
proteins, %%7«transcobalamin%%7i> and hoptocorrin. The former is 
responsible for the essential delivery of cobalamin to most tissues. 
Inadequate tissue availability of cobalamin results in increased 
concentration of methylmalonic acid and homocyst(e)ine due to 
inhibition of methylmolonyl-CoA mutase and methionine synthase, 
rcspectivcty. Strict vegetarians have long been known to be at risk of 
cobalamin deficiency, which develops insidiously over many years. It is 
now clear that a significant number of the elderly and HIV-positive 
individuals are also at increased risk of deficiency. Any individual 
with reduced ability to split cobalamin from food-protein may also 
become deficient even though intrinsic factor is present. Diagnosis of 
cobalamin deficiency has frequently relied on total serum cobalamin and 
the Schilling test. Newer approaches such as analysis of methylmalonic 
acid, homocyst{c)ine, holotranscobalamin, antiintrinsic foctor 
%7o%antibodies%%%, and serum gastrin may provide more cost-effective 
testing, as well as identify those with a covert deficiency. 
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Abstract: Objective: To determine whether immunocompetent elderly 

patients 

with low serum vitamin B-12 levels have impaired serum 
y67«%antibody%7o% 

responses to the 23-polyvalent pneumococcal polysaccharide vaccine. 

Design: Controlled, prospective cohort study. 

Measurements: 15 patients with low serum vitamin B-12 levels and 15 
age- and diognosis-matched patients with normal levels were vaccinoted. 
Serum 7o%7oantibody7o7o7o titers to 12 pneumococcal serotypes were 
measured 

by radioimmunoassay before and 4 weeks after vaccination. 

Results: The difference between the geometric mean of the vaccine 
anti body titers before a nd after vaccination for all 12 serotypes was 
lower (P = 0.005) in the patients with low vitamin B-12 levels than in 
the patients with normal levels. When meon corpuscular volume and age 
were controlled for, vitamin B-12 remained on independent predictor of 
%7»%antibody%%% response (P = 0.005). Erythrocyte mean corpuscular 
volume was also on Independent predictor of the increase in titer (P = 
0.03). 

Conclusions: Patients with low vitamin B-12 levels had impaired 
7o7o7oantlbody7o7e7o responses to pneumococcal vaccine. Further study Is 
necessary to determine whether treatment with vitamin B-12 can enhance 
specific Immunoglobulin synthesis and improve the clinical efficacy of 
the pneumococcal vaccine in patients with low vitamin B-12 levels. 
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ABSTRACT: A family is described in which 2 members (a father and 
daughter), 

both with quiescent ulcerative colitis, had abnormally high serum 
concentrations of a vitamin B12 binding protein. This protein had the 
molecular weight of %%%transcobalaminyo%% II [TC II] on gel filtration, 
and behaved like TC II with respect to its elution from DE-23 cellulose, 
its inhibition at acid pH, its absorption by uncoated charcoal, its 
binding by anti-TC II yo%%antibodies%7«%, and its ability to transfer 
vitamin B12 to transformed lymphocytes. Its plasnw clearance and tissue 
distribution when injected into rabbits was indistinguishable from that 
of TC II from normal subjects. It migrated on electrophoresis in the 
.bcta..gamma. region. This is the 1st case report of related subjects in 
whom high serum concentrations of TC II were observed. 
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Abstract; Recent studies hove isolated and characterized human gastric 
intrinsic factor (I) and %%yotranscobalamin%7o% II (TC II) genes, whose 
products mediate the import of cobalamin (Cbl; Vitamin B-12) across 
cellular plasma membranes. Analyses of cDNA and genomic clones of IF 
and TC II have provided some important insights into their sites of 
expression, structure and function. IF and TC II genes contain the some 
number, size and position of exons, and four of their eight intron-exon 
boundaries are identical. In addition, they share high homology in 
certain regions that are localized to different exons, indicating that 
IF and TC II may have evolved from a common ancestral gene. Both IF 

and 

TC II mediate transmembrane transport of Cbl via their respective 
receptors that function as oligomers in the plasma membrane, 
If-mcdioted import of Cbl is limited to the apical membranes of 
epithelial cells; it occurs via a multipurpose receptor recently termed 
"cubilin," and the imported Cbl is usually exported out of these 
cells bound to endogenous TC II. On the other hand. TC Il-mediated Cbl 
import occurs in all cells, including epithelial celts via a specific 
receptor, and the Cbl imported is usually retained, converted to its 
coenzyme forms, methyl-Cbl and 5'-deoxyadcnosyl-Cbl. and utilized. 
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Abstract: Dietary cobalamin (Cbl) (vitamin B-12) is utilized as mcthyl-Cbl 
and the coenzyme 5'-deoxyadcnosyl Cbl by cells of the body that have 
the enzymes methionine synthase and methyl matonyl Co A mutase, which 
convert homocysteine to methionine and methyl malonyl CoA to succinyl 
CoA, respectively. Prior to conversions and utilizations as the active 
alky I forms of Cbl, dietary Cbl is absorbed and transported across 
cellular plasma membranes by two receptor-mediated events. First, 
dietary and biliary Cbl bound to gastric intrinsic factor (IF) 
presented opically to the ileal absorptive enterocytes is transported 
to the circulation by receptor-mediated endocytosis via opically 
expressed IF-Cbl receptor. Second, Cbl bound to plasma 
7o7*%transcobalamin%7o% (TC) II is token up from the circulation by all 
cells via a TC TI receptor expressed in the plasma membrane of these 
cells, and in polarized celts via a TC II receptor expressed in the 
baso lateral membranes. This review updates recent work and focuses on 
(a) the molecular and cellular aspects of Cbl binding protein Ligands, 
IF and TC II, and their eel I -surf ace receptors, IF-Cbl receptor and TC 
II receptor; (b) the cellular sorting pathways of internalized Cbl 
bound to IF and TC II in polarized epithelial cells; and (c) the 
absorption and transport disorders that cause Cbl deficiency. 
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Abstract: We have recently shown that 7*7*7oantibodies7*7*% to / 
\ 7o7o7otranscobalttmin7<.7«i7« II (TCII) inhibit the in vitro growth of human 

and / 
murine leukemic cells. This antiproliferative strategy targets tbfe * 
uptake of cobalamin (cbl), on essential cof actor for two biodjtmicat 
reactions in humans. To date there has been no appropriate cell culture 
model available to study antagonism of cbl as a potentijir 
antiproliferative strategy. We hove established cdl/tfutture conditions' 
which alfbw reproducible measurements of cellp^olif eration that is 
dependent i>n cbl and its carrier protein, TCII. This bioassay has 
allowed us to ateflwnstrate that scv^cotlnonoclonal %7o7oantibodies%7o7o. 
raised against TCltTi ire p o terfflnhibitors of cell proliferation and 
that excess cbl abrogates this inhibitory effect. Thus, supporting our 
hypothesis that interference with cbl uptake or metabolism will result 
in inhibition of cell proliferation. Furthermore, cbl metabolism 
appears to provide a useful target for antiproliferative strategies 
which now involve the use of inactive cbl onotogs. In this review, we 
update our work on the role of targeting TCII and cbl as on 
antiproliferative strategy for leukemic cells. We suggest that this 
strategy nvxy provide a novel direction for antt cancer reagents. 
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